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AUTHOR’S PREFACE. 


The present volume, dealmg A^utli Sporozoa follows the same 
plan as the author’s volume on Cihophora, published two years 
-ago The group Spotozoa includes numerous organisms, 
all of which are parasitic in hosts belongmg to a number 
•of different phyla of the Animal Kingdom Several of these 
orgamsms are responsible for producmg disease m man and 
domestic animals, and consequently come Avithm the ken of 
the medical and vetermary ivorkers but there are numerous 
others Avhich parasitize ammals such as earthworms, poly- 
chsetes, crustaceans, msects, mjTiopods, araclmids, molluscs, 
fishes, amphibians, reptiles, birds, etc , and, though causmg 
damage to various tissues of the host, are on the w hole tolerated 
by them To the student of Protozoa aU are equally mterestmg, 
and it is his provmce to studythem as animals, and name and 
classify them The medical and vetermary aa orkers aviU 
find in this volume the correct zoological position and nomen- 
clature of the pathogemc orgamsms they study With 
regard to the nomenclature, the synonyms recorded imder 
each species 'AviU serve to mdicate the extent to Avhich opmion 
has m the past vaned Avith regard to the systematic position 
of the particular organisms In a few cases the reader may 
feel disposed to differ from me, but m such cases he aatII find 
the argument or the authorities on which I have rehed 
clearly stated, and if, after considermg them, the reader still 
■differs, he is welcome to do so 

The most approved and up-to-date system of classification 
has been followed, and in the Identification Tables of Famihes 
I haA-e mcluded those famihes which-are at present not knoAvn 
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from India The 320 species desc ibed in this volume are 
but a small fraction of the total known from other parts of 
the w orld All the species that are as yet known from India, 
Burma, and Ceylon have been brought together, but a large 
number still await discovery The geographical distribution 
of the parasites usuallj’^ follows that of their hosts Lists 
of Parasites and their Hosts, and of Hosts and their Parasites 
have been given in the Introduction and" the Appendix, 
and it IS hoped tnat tliese will be of use to those looking 
for the parasites in particular hosts It may be pomted out, 
however, that the discovery of a parasite m a host not recorded 
in the list Joes not mean that the oiganism is new to science 
It may .ilreadj have been recorded from the same host or m 
some other host in other parts of the world Keeping this 
in view , the discoverer should Jiot rely too much on this volume, 
but should carefully explore the monographs and original 
papers to w ^ich the Bibliography, given at the end of the volume, 
•will furnish a guide The literature on the subject of Spororoa 
is ver^' vast, and it has been poessble to give a selection only 
For the convenience of the readefr the Bibliography has been 
divided into a number of sections corresponding to the sub- 
classes or orders, and if a reference is not found under “ Text- 
books and Sporozoa in General ’ it should be looked for in 
the section of the Bibliograph 3 ’- relating to the particular 
order 

The species of each genus have been arranged in alphabetical 
order, except in a few cases where the species occurring in 
man or some other group of hosts have been brought together 
In the synonymies, given under each species, references to 
all the records from India, Burma, and Ceylon have been 
included, and a f mark prefixed to all such references A selec- 
tion of other references which are considered important or 
useful IS also given 

In the Introduction I have given a short account of the 
general organization and structure, and discussed the phylo- 
geny and classification of the group It seems obvious that 
Sporozoa should preferably be divided into tw^o classes, 
VIZ , Sjiorozoa s sir and Amoebosporidia, but the tw'o classes 
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cannot be arranged m a subphylum, as the former are evolved 
from the Flagellata and the latter from the Sarcodma so m 
deference to the usage among Enghsh authors, the group is 
described as a smgle class and is subdivided into a number 
of independent subclasses A short account of the principal 
methods employed in the study of Sporozoa has also been 
given 

A volume such as this is boimd to mcorporate very largely 
the vork of others, and my grateful acknowledgements are 
due to all those whose works have been drawn upon, and 
especially to IMmchm, Wenyon, Hartmann, Reichenow, Calkins, 
Hegner, and Kudo Where available, figures have been given 
for the species dealt with A certam number of these are 
taken irom my own work, but a large number have been 
borrowed ivith the kmd permission of the authors or publishers 
concerned My thanks are due to the editors and pubhshers 
of journals and text-books who have given permission to 
Reproduce the figures, and due acknowledgement is made m 
every case by givmg the name of the author from whom the 
figure has been copied 

My sjiecial thanks are due to Dr B Erashad, Director of 
the Zoological Survey of India, for special facilities given to 
me on the occasion of several visits to Calcutta to consult 
the literature m the splendid hbrary mamtamed hy the 
Zoological Survey of India , and also to Dr S L Hora for 
his help in gettmg some figures copied under his supervision 
by the artists workmg under him Finally, I have to offer 
my most grateful thanks to the Editor, Lieut -Colonel R B 
Seymour Sewell, C I E , F R S , for a thorough and critical 
revision of the texi, and for generous help and guidance durmg 
the production of this work 


Hotu Singh Koad, Lahore, 
'July, 1938 
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GLOSSARY OP TECHNICAL TERMS. 


Acephahne — A gregarme not possessing an epunente at any stage 
of its life history 

Acmdospondm — ^Term sometimes used to include Sarcospondia and 
Haplospondia 

Adinomyxidta — Cmdospondia with large spores, trivalved membrane, 
and tliree distmctly visible polar capsules 

Adelcidea — Coccidia m which the gametocytes are dissimilar m size 
and are associated with each other during the later part of trophic 
life 

Agamctc — ^An agamic spore or product of asexual reproduction 

Agamogony — ^Asexual or agamic reproduction by equal, unequal or 
multiple division 

Agamont — ^An asexual mdn idual reproducing without conjugation or 
fertihzation 

Amitotic division — ^Direct division of the nucleus unaccompamed by 
the formation of a spmdle of threads 

Amasbospondia — ^Term used by Hartmann to denote a separate class 
of Protozoa, m which are included Cmdospondia, Sarcospondia, 
and Haplospondia 

Amoebula stage — ^The sporoplasm which, by amoeboid mo\ ements, has 
left the spore membrane, a stage leading up to the schizoiit 

Anisogamy — Conjugation between dissimilar gametes 

Anterior end — ^The end of an orgamsm which is habitually foruaid 
m locomotion In Cmdospondia the end of the spore from which 
the polar filament becomes extruded through the foramen If 
the two extremities are dissimilar m form, the anterioi end is 
usually more or less attenuate 

Association — A group formed by the attachment of two oi more 
sporonts 

Autogamy — ^Fusion of the two daughter nuclei to form a zygote oi 
sxKiront 


JBiassociative — ^Referring to an association of two sporonts attached 
by unlike ends 

Binary fusion — A mode of reproduction m which the division of the 
nucleus into two is follow ed by thb division of the cell 
Budding — ^The process of unequal fission, resultmg m the formation 
of daughter orgamsms, which show a simplified structure when 
first formed 
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Gephahne — gregarine possessing an epimente at some stage in its 
life-history 

Ceplmlont — ^Young gregarine with an epimente 

Chitmous — Correspondmg m appearance and character to chitin, 
the horny material which forms the protective covering of insects 
and other Arthropoda 

Gmdosportdta — Sporozoa m which the spore is provided with one or 
more thread capsules 

Goccrdia — ^Telosporidia m which the mature trophozoite is intra- 
cellular and small, the zygote is non motile, and the sporozoites are 
developed withm a spore 

Gocctdiomorpha — Term used by Doflein to mclude Coccidia and 
Haimosporidia 

Gcelozoic — Parasites that Ine m the lumen of the alimentary canal 
or other cav ities in the body of the host 

Conjugation — Union of two organisms leading to reproduction by germs 
or spores 

Cortical — Relatmg to the external layer of an organism 

Cyst — ^Impervious membrane surroundmg an organism or a pair of 
associated sporonts at the beginning of reproduction It is an 
adaptation to a change of hosts m parasitic forms 

Cytoplasm — Tlie protoplasm of the cellTiody as contrasted with that 
of the nucleus 

Cytozoic — Parasites that are lodged mside a cell 


Deutomente — The portion of a cephahne gregarine behind the septum, 
by which it is separated from the protomerito 
Dicystid — A gregarme in. which the trophozoite is divided into two 
parts only, that is, an epimente is present, but the rest of the body 
is not divided mto a protoraonte and a deutomente 
Disporoblastic — Produemg two sporoblasts 
Disporous — ^Producing two spores 


Ectopai asitic — ^Hav mg the nature of an external parasite 
Ectoplasm — The outer zone of the body of unicellular orgamsms, 
comprising tlie epicyte, sardocyte, and myocyte 
Eimendea — Coccidia m which the gametocytes are similar m size and 
develop independently of one another 
Encystnienf — The phenomenon of becommg motionless and excreting 
a membranous cvst 

Endogenous or internal budding — ^Formation of buds in the interior 
of the cytoplasm of the parent 
Endoparasihc — ^Having the nature of an mternal parasite 
Endoplasm — The inner or granular zone of the body of xmicellular 
organisms, Ijmg within the ectoplasm 
Endospore — ^The mner cov ermg of a spore 
Epicyte — ^The thin, fragile, external layer of the ectoplasm 
Epimente — ^The temporary, or rarely permanent, structure at the 
anterior end of a gregarine b> which the young gregarme is attached 
to the host cell It is epicytal m origin 
Eptspore — The outer cov ermg of a spore 
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Evg) eqannatia — Greganmda not showing schizogony 
Exogenous or external hudding — rorniation of buds from the external 
surface of the body 


Ftsswn — Division of tne nucleus followed by a dmsion of the cell-body. 

Gamete — Specialized cells destined to meet and fuse in conjugation 
Gametocyst -^Tlio cyst formed round two associated sporonts or gameto- 
cjtes 

Gametocyte — ^The mother-cell which gives rise to a number of gametes 
Gamogony — The process of production of gamotocytes or gametes by 
a gamont 

Gamont — An mdividual destined to form gametes, also known as 
sporont 

Gldbxdia — Sarcosporidia m which the spores are fusiform and cysts 
occur exclusively in the intestinal submucosa 
Golqx apparatus — A cytoplasmic mclusion which shows a tendency to 
clump' together m masses or to form a network m the neighbour- 
hood of the nucleus 

Gregarinida — Telosporidia in which the mature trophozoite is extra- 
cellular and large, the zygote is non-motile, and sporozoites are 
det eloped withm a spore 

Gymnospore — ^Naked germ or protoplasmic body, formed by sporulation, 

V Inch IS not enclosed in a protective envelope 

Ila:mos])ortdia — ^Telosporidia in which the mature trophozoite is 
intracellular and small, the zygote motile, and sporozoites are without 
an en\ elope 

Heemospondtxded — ^Term used by Wenjon to denote Hcemospondia 
v hich form pigment in tlje red blood-cells 
Haplocyta — Gregarmos in which the trophozoite is not divided by 
an ectoplasmic septum 

Hagjlosportdia — Sporozoa characterized by possession of large spores, 
and a simple type of development 

HeUcosporidta — Cnidosporidia with small barrel shaped spores, con- 
taining a thick filament coiled beneath the spore membrane and 
three sporoplasms 

Hetcropolaridea — Saplocite, produemg sporocysts with dissimilarpoles 
Htstozoic — Parasites that occur m the spaces between groups of cells 
Holozoic — Animals which are entirely dependent for food on other 
organisms, which they capture, de\ our and digest 
Somojxolai idea — Haplocyta producing sporozysts ivith similar poles 

Isogametes — Gametes which are similar in shape and size 
Isogamy — Conjugation between similar gametes 

Karyogamy — ^Union of two gametes whose nuclei imdergo mtermmgling 
Kaxyosomc — A. chromatic mass surroimded by plastm and contamed 

V ithm the nucleus 

Longitudinal striations — ^The very dehcate ridges on the outside of the 
epicyte 
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JMdc> ogamcte — ^Tho laigci or inactive gamete m anisogamous conjuga- 
tion 

Macrogamctocyte — The wiothoi coll of the macrogamote 
Meront — A schizont of a microsporidian 

Jllerozotte — ^A" product of asexual reproduction or schizogony 
Metabohe — Changeable in form , polymorphic 

Melagamogony — The process of zygoticor post conjugation reproduction 
Metamorphic — Changeable in form 

Microgamete — Tlie smaller or active gamete in anisogamous conjuga- 
tion 

Microgametocytca — The mother cell of imerogamotes 
Microsporuha — Cnidosporidia with small spores, membrane in one 
piece, and one or, rarely, two polar filaments that are invisible 
in VIVO 

Microsporoblaslic — Pioducing a variable number of sporoblnsts 
Microsporoits — ^Producing a v ariable number of spores 
Mitochondria — Minute cytoplasmic mcliisions, of a hpoidal nature, 
occurring in the form of spherical granules or rod-shaped or 
crescentic bodies 

Mitotic — ^Indirect division of the nucleus, which is accompamed by the 
formation of a spmdle of threads 

Monocystid — Gregarmes in which the body of the trophozoite consists 
of a single part, i c , is not dmded by a septum 
Monosporoblaslic — Dev'oloping into a smglo sporcblost 
Monosporous — Developing into a smglo spore 
MuUinucleate — ^Possessing many nuclei 

Multiple fission — ^A mode of reproduction m which the division of the 
nucleus is not ipimediately followed by the division of the coll, 
but, after repeated nuclear division, tho coll divides into as many 
parts as there are nuclei 

Myocyte — The ectoplasmic layer consisting of tho myonemes 
Mponeme — Specialized muscle like fibrils which cause tho contraction 
_of the whole or a part of the body They are embedded in tho 
periphery of tho cndocyto and form o network around tho organism 
Myxosportdia — Cnidosporidia with largo spores, biv^alved membrane, 
with two or four polar capsules vnsiblo in vivo 

jSleosporidia — Term used by Schaudmn to include Cnidosporidia, 
Sarcosporidia, and Haplosnoridia Tho common features are 
that the life of an mdiv iduaf does not come to an end ^hon i epro- 
tluction takes place, hut that reproduction contmucs throughout 
the trophic phase, tho sporoblasts being carried about by tho 
more or less active parent organism, wluch may ultimately bccomo 
a large mass of spores 

Nucleolus — An exceedingly minute, more solid particle developed 
singly or in varying number within the nucleus of an animal or 
vegetable cell Its homologue among the Protozoa is generally 
referred to as Endoplastule or Karyosomc 
Nucleus — ^More densely granular body within the substance of an animal 
oi V ogotable cell 

Ociosporoblastic — Producing eight sporoblasts 
Octosporous — ^Producing eight spores , 

Octotoic spore — A spore contaming eight sporozoites 
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Oucysl — A cyst containing the conjugated gametes 
Oohinete — The motile zygote in Hsemospondia 

Pansporoblast — ^An enclosed area in a mjT:osporidian trophozoite in 
which two sporoblasts become differentiated The term is also 
used to designate in general a grown-up sporont of the polysporous 
genera in which two or manj' sporoblasts are formed 
Parasite — ^An organism living m or upon the body of another organism 
and dependent for its existence on that organism or a limited 
group of organisms 

Ptroplasmidea — ^Haimosporidia which do not form pigment m the 
red blood cells 

Planont — The stage between free amoobula ind schizont stages, which 
are found m the alimentary canal or body-cavity of the host soon 
after the spore genmnates 

Plasmodium — Multmucleated cell formed by the repeated divisions 
of the nucleus 

Plasmotomy — Cleavage of a multmucleated body mto two or more 
multmucleate parts 

Polar capsule — A. sac m which the polar filament is coiled, a structure 
characteristic of a cnidosporidian spore 
Polar filament — A fine and long filament coiled m the polar capsule, 
which IS extruded under suitable stimulation 
Poly cyst id — ^Referring to gregarmes possessmg a septum which divides 
the trophozoite into regions , also known as “ septate ” 
Polymorphic — ^Exhibitmg a diversity of fornu 
Polysporoblastic — ^Produomg numerous sporoblasts 
Polysporous — ■Produemg many spores 

Posterior end — ^The end of an organism which is habitually behmd 
in locomotion In Cmdosporidia the end of the spore opposite 
to the anterior , it is usuaUy more or less rounded if the two ends are 
dissimilar 

Pnmite — ^The first mdividual m an association of tw o or more sporonts 
Protomente — ^The portion of a septate gregarme which precedes the 
septum 

Protoplasm — ^The physical basis of life, or elementary formatu e matter 
of all li\ mg organisms 

Protozoa — ^Animals m which the body is not divided mto cells 
Pseudocyst — ^The residual protoplasm which, after the spores are 
separated, acquires a membranous wall, swells until the true evst- 
wall bursts, and allows the extrusion of the ripe spores 

SarcQcyte — ^The middle layer of the ectoplasm 

Sarcospondia — Sporozoa m which cysts form long rod-hke masses, 
and the spores are crescentic 

Satellite — ^Any sporont m an association which is attached behmd the 
primite Generally there is one, but sometimes several are attached 
Imearly, one behind the other, or in a cluster to the posterior 
end of the primite 

Schizogony — Asexual or agamic reproduction by equal, unequal or 
multiple division 

Schizogregannaria — Gregarmida showmg schizogony 

Schizont — That stage which is about to dinde into a number of parts 
called merozoites 
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Schxzontocyte — special form of agatnont -which broalcs up into a 
number of agamoto fo-ming conlrcs by multiple division 
Septata — Grogannes m uhieh tho trophoisoito la divided by an ecto- 
plasmic septum 

Septum — ^Tho thm layer of sarcocyto winch separates tho protoraorito 
from the deutomonto 

Siliceous — ^Partaking of tho nature and qualities of silica , composed 
of flint 

Spore — ^Tho body mto which tho zygote develops after tlio acquisition 
of a resistant outer coating 

Spore duct — A. tubular growth from tho cyst, through which tho spores 
are e-ctruded whon ripe 

Spot oblast — A product of the mitial reproduction of tho zj-goto 
includmg both capsule and contents , a coll which doi elops 
directly mto a spore 

Sporocyst — ^The covermg or coverings of tho spore Sometimes used 
m tho same sense as a spore 

Sporogony — The development of spores from the sporont 
Sporont — An adult sporozoan which is destined to form gametes or 
to give rise to sporoblasts 

Sporoplasm — ^The protoplasmic mass inside the spore , tho sporozoite 
of a Cnidosporidian spore 

Sporozoa — A class of the Protozoa m which spore formation is tho 
prevailing mode of reproduction 

Sporozoite — Bach of tho small falciform bodies which ore released when 
the spore wall is absorbed 

Sporulatton or multiple Jisaion — Mode of reproduction m which the 
repeated division of the nucleus is followed by tho splitting of tho 
organism mto as many parts as tho nuclei 
Syngamy — Soxual union or conjugation involving a complete fusion 
of tw o gametes 

Synkaryon — Tho combmation nucleus resulting from tho fusion of 
two nuclei derived from two mdividuals 

Syzygy — Linear chains formed by two or more organisms attached 
end to end 

"^elosporidia — Sporozoa with trophic and ropioductivo phases typically 
distinct Term used by Schaudmn to mcludo Gregarinida, 
Coccidia, and H-emosporidia 
j etrasporoblasttc — Producing four sporoblasts 
Tetrasporous — Producing four spores 
Tetrazoic spore — A spore contammg four sporozoites 
Trophozoite — The young foedmg and growung parasite 

Vacuolate — ^Having a number of clear spaces or vacuoles 
Vermicular — Resemblmg a worm m shape 

Jiygote — The cell resulting from tho complete fusion of two gametes 
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INTRODUCTION 

Position of Sporozoa in the Animai Kingdom. 

Sporozoa. are a class of parasitic organismB belonging to the 
phylum Protozoa In the Protozoa the body usually 
consists of a smgle undivided mass of protoplasm, and these 
orgamsms are consequently described as unicellular or non- 
ceUular. In other classes of the Protozoa the animals, 
irhich may be fi:ee-hvmg or parasitic, move by characteristic 
organs of locomotion such as pseudopodia, flagella or ciha : 
but the class Sporozoa mcludes organisms which are entirely 
parasitic, and as a rule are mcapable of free locomotion 
Some of them, when immature, move about by means of 
pseudopodia, but they never possess ciha or flagella AU 
are characterized by producmg spores 
Our knowledge of the Sporozoa commenced just over 
a hundred years ago fri 1826 Dufour gave the first detailed 
accoimt of an organism, which he afterwards, m 1828, named 
(xregarvna He fotmd it in the alimentary canal of several 
species of Coleoptera, and later m the gut of the earwig 
Both he and Siebold, who mvestigated the genus m 1837 and 
1839, failed to recognize it as a Protozoan Schleiden, Henle, 
and others recognized the umcellular nature of Oregarina, 
but regarded it as an overgrown plant-cell, and it was only 
as late as 1848 that KoUiker demonstrated the Protozoan 
nature of the genus, descnbed the formation of pseudonavicellse, 
and inferred that they represented one method of propagation, 
a view that was confirmed the same year by Stem The 
complete hfe-cycle of a Gregarme was worked out much 
later by Siedlecki (1899) 

In 1839 Hake published the earhest account of a Coccidian 
He descnbed and figured the oocysts of Eimeria sttedss of the 
rabbit’s liver, but did not interpret them as of parasitic ongm. 
Important observations on a Coccidian were published by 
Kloss (1855), who descnbed the organism now known as 
Klossm Jidtcina in the renal organ of the snail. Euner (1870) 
descnbed parasites of the gut and the hver of various animals, 
mcludmg man, which have smce been referred to the genera 
SPOR 
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Etmeria and Isospora Pfeiffer (1892) -was the jfirsfc to describe 
the theory of alternate generations, and Schandmn and 
Siedlecki (1897) showed that there are two lands of gametes 
in Gocctdzum, and that the macro- and microgametes conjugate 
to form zygotes Later (1898) Siedlecla published an account 
of the sexual cycle of the Coccidian Aggrcgafa, and m 1899 
gave a deteiled account of the entire life-history of Addm 
This senes of classical researches led up to the pubhcation of 
the descnption of the complete hfe-cvcle of Goccidinm schubcrgi 
by Schaudinn (1900) 

The HL3BVIOSPOBIDIA, or blood-inhabitmg Sporozoa, were 
discovered as late as the eighties of the last century Laveran 
observed the malarial parasites m the human blood in 1880, 
and pubhshed a descnption m the foUoiving year He observed 
the amoeboid, rosette, sphere, crescent and the flagellate stages, 
but did not determme the relationship of the various stages, 
nor did he recogmze the animal nature of the parasites The 
genus Plasn%odtum was mstituted by Marchiafava and CeUi 
(1895) Purther discoveries leadmg to the elucidation of the 
complete hfe-cj’^cle of the malarial parasites were made by 
Metchmkoff (1887), Golgi (1889), Damlewsky (1891), Manson 
(1894, 1896), MacCaflum (1897, 1898), Ross (1898, 1899), 
Grassi (1898), and others, and will be referred to elsewhere in 
this volume Smith and Kilborne (1893) demonstrated that 
Babesia, the cause of Texas fever of cattle, was transmitted 
from host to host by ticks, and were thus the first to show the 
important part played by insects m the transimssion of para- 
sitic Protozoa 

We owe the term Sporozoa to Leuckart (1879), who mtro- 
duced it to mclude the Gregartnida and the Coccidia The 
HiDKOSPOErDiA were mcluded later, when the study ot the 
complete hfe-cycle showed the close resemblance of various 
stages with those of the Cooctedia Besides these three well 
recognized groups, there are other groups of parasites, found 
in Pishes, ii^hropods, etc , which, on accoimt of their formmg 
spores, came to be mcluded m the Sporozoa In a large 
majority of these, known as the CNinosPORiDrA, the spore 
contams a coiled filament mside a polar capsule Schaudinn 
(1900) divided the Sporozoa into two subclasses — (i) the 
TEiAiSPOEiniA, to mclude the Gregarinida, Goooidia, and 
HABirosPORiDiA , and (u) the Neosporidia, to mclude the 
CnidosSoridia, Saecospobidia, and Haplosporidia The 
members of both these subclasses produce resistant spores, 
but accordmg to many authors the afiSmties between the two 
are not sufficiently close to justify their mclusion m the same 
class Hartmann (1907) estabhshed two classes, for which 
he employed Schaudmn’s names — ^TEnosPORiDiA and Heo- 
SFOBiDiA Later Prowazek and JoUos (1922) and Hartmann 
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<1923-5) designated the two classes Sporozoa and 
Amcebospobidia, and something can be said m favour of 
tins system of classification Wenyon (1926) also divided 
the entire group into two classes, and named them as 
Sporozoa and Cnidosporidia, leaving the Sabcosportdia and 
Hapbospoeidia as parasites of undetermmed position 
Theoretically speaking, there is no difficulty in restrictmg 
the term Sporozoa to the ongmal connotation which Leuckart 
gave it, but m practice it would seem impossible so to restrict 
it, unless a new term like Spobogenea is corned for a sub- 
phylum to include the two classes In view of the term 
Sporozoa havmg become fixed m its extended usage, and the 
phylogeny of the two groups bemg altogether hypothetical, 
Beichenow (1929, 1935) divided the class Sporozoa mto four 
distmct subclasses, viz , Tebosporidia, Cnidosporidba., 
Sarcospobibia, and Hapbospobidia Similarly Kudo (1931) 
and Calkins (1933) divide tbe class Sporozoa mto three 
subclasses, Tebospobidia, Cnidosporidba, and Acnido- 
SPOBIDBA, combining m the last the SarcospobidIa and Hapbo- 
sporidia The balance of opmion at the moment does not 
seem to favour the recogmtion of only two classes, but, if 
this were done, they would be named Sporozoa {sensu stricto) 
and Ajkebosporidia For practical convemence, and m 
deference to general practice, I shall follow Reichenow (1929, 
1935) m dividing the class Sporozoa {senm lato) mto four 
subclasses 

Thp phylum PROTOZOA may thus be divided as follows — 

A Subphylum Plasmodroua Doflem, 1901, emended 

Movement effected by pseudopodia or flagella, and syngam 
takes place, m all known cases, by the complete fusion of gametes 

I Class JiASTiGOPHOBA Diesmg, 1865 

The predominating phase flagellate, locomotion bemg effected 
by filamentous whip like structures^ called flagella The body 
may be corticate or non-corticat© 

U Class Rhizopoda von Siebold, 1845 (=SAECODrN'A Hertwig & 
Iiesser, 187^ 

The predommatmg phase amoeboid, locomotion bemg effected 
by temporary extensions of the body called pseudopodia 
ffiie body is non corticate, t e , has no tough limiting mem- 
brane or cuticle 

in Class Spohozoa Leuckart, 1879 

Exclusively parasitic forms which lack defimte organs of loco- 
motion Keproduotion takes place by spore-formation 

(o) 1 Subclass Telosporidia Schaudmn, 1900 (=Spoeozoa 
s&nsii sCncia) 

Trophozoite becomes full grown before reproduction 
begms , spore simple, with one to several sporozoites 
or without resistant envelope , the sporozoite a gre- 
garmtila , asexual and sexual reproduction alternate 
regularly 

B 2 
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(6) UEOSPOBrniA. Schaudinn, IflOO (— Amcebospokidia Hart- 
morm) 

Trophozoites may begm to form BpoTOB whan still growing 
or even quite young , the sporoblasta are formed by a 
process of mtemal gemmation , the sporozoite is on 
amcabula , and the life cycle is passed in as mgle host 
This group mcludes the remaining three subclasses 

2 Subclass Cntdospoihdia Doflem, 1001 

Spore with polar filament which la typically coiled within 
a polar capsule 

3 Subclass SAUcosponmiA Balbiani, 1882 

Spores crescentic, without thread capsules C 5 ratB forming 
long rod-hke masses Parasites of striped muscles of 
Vertebrates 

4 Subclass Haplospokidia CauUery & Mesnil, 1906. 

Spores large, contaimng a su^le volummous nucleus , no 

thread capsules Type of development simple 

B Subphylum Ch-iophora Doflem, 1901 

Movement effected by ciha 

TV Class CrttATA Petty, 1862 

Orgemisms bear oiha throughout life 

V Class SucTOBiA Olaporfede & Lachmann {^Tmtacuhfera Huxley, 
Actnetana Tankester) 

Ciliated m the young stages, but later usually attach themselves 
to other objects, lose their ciha, and develop knobbed tentacles 
which serve as suekmg tubes 

General Organization and Structure. 

This volume deals with the class Spoeozoa as defined above, 
and I give below a brief survey of the general organization 
and structure of the orgamsms mcluded m this group, so as 
to give the reader a general idea of the group and to mtroduce 
him to the principal technical terms employed m the 
description of the forms 

Modes of Life — ^AU Spoeozoa are ohhgatory parasites, and 
there are no free-hvmg forms among them Parasitic forms 
are also found among other classes of the Peotozoa, hut 
these may he regarded as free-hvmg forms which have been 
mtroduc^ casually mto the body of their host and have 
become adapted to a parasitic mode of life In. Spoeozoa 
the dependance has reached an extreme hmit, and the parasites 
have no existence apart from the hosts m which they are found 
to occur The transference of the parasite from one host to 
another is effected by means of spoees, which may be defined 
as resistant seed-like bodies, contaimng one or more sporozoites 
or germs and protected by a firm envelope or capsule The 
spore IS a contrivance to enable the parasite to withstand 
the vicissitudes of the outside world until they pass agam 
into the body of a suitable host Once inside the body of 
the new host, the spore gernunates and a fresh infection is 
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started The mode of transfer of the spores is usually con- 
taminative, that 18 to say, the spores are ingested with the food 
that has been contaminated with feces m which the spores 
have been passed In some forms, however, where the parasite 
passes part of its life-cycle m the blood of one host and part 
m the body of a widely different host, the sporozoite is not 
enclosed withm a defimte membrane or cyst, and the method 
of transfer is moculative 

The method of nutrition is by osmosis only The organism 
does not possess pseudopodia, flagella or ciha for the purpose 
of food-capture Where the organism is amoeboid, its pseudo- 
podia are for the purpose of mcreasmg the extent of the body- 
surface for absorption, rather than for the mgestion of sohd 
particles of food The parasite may mvade the cells {cytozotc), 
or spaces between the ceUa{ht8tozoic),oT may hve m the lumen 
of the alimentary canal or other cavitaes m the body of the host 
{coelozoic) The food material absorbed feom the host wiU 
thus be dissolved cytoplasm, tissue flmd, body flmd, or digested 
food material from the abmentary canal of the host The 
Spoeozoa are parasitic m animals of almost every phylum 
from Pkotozoa to Choedata, and while many of them have 
come to be tolerated, others are responsible for causmg 
deadly disease and heavy mortahty among the hosts In 
accordance with their widely vaned habitat, they show 
mamfold adaptations smtmg them to the highly specialized 
conditions of their existence 

Form and Structure — ^The Spoeozoa show a more or less 
comphcated hfe-history, consistmg of various stages The 
startmg pomt is the rmnute germ or sporozoite, which may have 
one of two forms In Amcebospobxdia it is a mmute amoeboid 
organism termed an amoebula , m the TtmosPOKroiA it is 
more defimte m form, bemg a rod-hke or sickle-shaped body 
(“ falciform body ”) which is capable of twistmg or bendmg 
movements and progresses by ghdmg, and is descnbed as 
a gregarmula The sporozoite, after bemg set free m the body 
of the new host, nourishes itself and grows, often to a relatively 
large size, at the expense of the host This is the trophic 
phase, and the organism durmg this phase is descnbed as the 
trophozoite The trophozoite absorbs nounshment m the 
flmd state, and does not exhibit any organs of locomotion, 
mgestion or digestion , neither food- vacuoles nor contractile 
vacuoles are present The parasite has usually a fixed form 
with defimte contours, bemg limited externally by a cuticle 
of greater or less thickness, and may either grow mside a host 
cell or be attached to a cell of the host by a special organ of 
fixation known as an epimerite The ectoplasm is m certam 
groups differentiated mto three layers, known as epicyte 
aarcocyte, and myocyte, the latter bemg composed of myonemes 
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or contractile filaments which brmg about contortions of the 
body The sarcocyte may run inward as one or more septa 
and thus dmde the body into a number of apparent segments 
m the cephalme Gregarmes (fig 30) the body is thus seen to 
consist of three segments, known respectively as the ejpmente, 
protominie,, and deutomenle Sometimes the orgamsms may 
attach themselves to each other and foim clusters or linear 
chains, termed syzygtes The endoplasm is usually granular, 
and contams sorted-up food material in various forms The 
imdevs la usually very large, spherical, and vesicular in type, 
with one or more distinct haryosomes 
Reproduction — lake other parasites, Spoeozoa possess the 
power of prolific raultiphcation as a necessary adaptation for 
the maintenance of the species Both asexual and sexual 
methods are knonm in all groups Asexual reproduction may 
be by bmary fission (as in Bahesxa), by multiple fission (as m 
CocciDiA and HL®mospokidia), or by buddmg, which may be 
exogenous (as m Mvxospokidia) or endogenous (as in certam 
Schiiogregannes) The trophozoite when it is about to enter 
on asexual reproduction is known as a scliizont (or agamoni), 
the process being termed schizogony (or agamogony) and 
the rcsultmg products of division being termed merozoites 
Sexual reproduction {syngamy) is by isogamous or amsogamous 
conjugation or sometimes by the fusion of sister indindnals 
derived by fission of the same parent cell or nucleus (autogamy). 
Trophozoites which associate with one another for the purpose 
of sexual reproduction are designated as sporonts or gametocytes, 
which ma\ differ from one another and are then known as 
mtcTogametocyics and macrogametocytes, according as they give 
nse to males or mtc} ogametes and females or macroyametes 
The fusion of two gametes results in the formation of 
a zygote which, when actively motile and vermiform (as 
m H^mospoeima), is generally known as an ooltnete 
The zygote may secrete a distmct membrane round itself 
become a passive spherical body known as an oocyst 
CellulaT division of the protoplasm within the oocyst gives nse 
to the formation of a number of sporohlasts, each of which 
becomes eurrounded by a wall, the sporocyst, and is then, 
known as a spore Inside a spore are developed a smaller 
or larger number of minute germs or sporozoites which are 
the miective bodies, and start the cycle again These various 
sta^s, startmg from the zygote and leadmg to the formation 
oi the spores and sporozoites, constitute sporogony Asexual 
and sexual methods of reproduction regularly alternate in the 
Me-cycle of the majority of forms, and compheated life-histones 
result In such cases schizogony takes place usually in the body 
OI one host and gametogony and sporogony in the body of 
an animal belonging to a vadely different group The former 
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IS described as rn host and the Utttr, n which 

the boxiisl proces'- is perftottd, as the o** hcM 

— Tfte hfe>histnries of cLherei>.t groups Tory 
a good dtrl, but there is iJv.ajs some lescmbhiire to a comrooii 
fundamental tj-po. Tno Lfe-iustory of the Ceocidium 
jthed'e (Lindem ) (fig 1), oectirmig n the h^er aud intestine 
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of the rabbit, may be described as tipncal The sj orozoite (i ) 
escapes from the spore in the intestvao of the host, and, glidingr 
hke e» minute Gregarme, botes its nay into the epithedol 
cell (7) and becomes a trophozoite (Sh Tne 1, tttr tetds «st 
the expense of the cytoplasm of tne host-cell and grows r; to 
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a large spherical schizont with a vesicular nucleus containing 
a large karyosome The nucleus of the scimont dmdes 
repeatedly until sixteen or thirty-two daughter nuclei are 
produced (9, 10), and the schizont breaks up into an equal 
number of merozoites (11) The merozoite may attack another 
epithehal cell and undergo schizogony agam, or, on entering 
a jfresh epithehal cell, may produce a set of only four mero- 
zoites (13-16), which differ from the others in possessmg 
a flagellum (16) The flagellated merozoites penetrate 
other epithehal cells and become either macrogametocytes 
(17 o) or nucrogametocytes (17 b) The macrogametocyte 
grows mto a large oval body containing many chromatmoid 
and plastmoid granules, which gather round the penphery 
to form a membrane (17 n-20n), and thus gives nse to a 
smgle macrogamete (21) The microgametocyte becomes 
large and spherical, and withm it are formed a large number 
of biflagellated nucrogametes (17 b-20 b) Fertilization (21) 
takes place either m an epithehal cell or in the lumen of the 
mtestme The resultmg zygote (22, 23) passes out of the 
mtestme as an oocyst m the faeces (1) The protoplasm 
withm the oocyst contracts mto a spherical mass (2), and 
then divides mto four sphencal aporoblasta (3), which 
become ovoidal (4), secrete a sporocyst, and become spores, 
part of the c 3 d;oplasm not bemg used up m the process Withm 
each spore two sporozoites develop (5), agam leavmg a small 
amount of residual protoplasm TVesh infection takes place 
through the food becoming contammated unth faeces containmg 
these spores 

While the above hfe-history may be taken as typical, 
considerable variations are met with in different groups 
In the majority of Sporozoa the hosts are of the same species, 
and infection is brought about by eatmg contammated food , 
but m many forms there is an alternation of hosts, schizogony 
takmg place m an ammal of one group and gametogenesis and 
^orogony m a host belongmg to an entirely different group 
Thusm the case of Aggregata asexual reproduction takes place 
m a Crr^acean (crab) and sexual reproduction m a Cephalopod 
(cuttle-fish) Among the H^siospoeidia schizogony takes 
place ™ tlm blood of a Vertebrate (man, other mammals, or 
vanous birds), while sexual reproduction, followed by sporogony, 
occurs m an Insect (mosquito) In such cases spore-capsules 
are not formed, as the sporozoites are mtroduced directly 
into the blood by the mosquito 

In the Eugregarmes the asexual cycle is entirely wanting, 
the sporozoite developing directly mto a gametocyte Two 
mdiTiduals he side by side, and an envelope or gametocyst is 
secreted enclosing both mdividuals Eagh mdividual then forms 
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a large number of gametes, those jfrom one mdividual fusmg 
mth those from the other, and a corresponding number of 
zygotes are formed Withm the membrane the zygotes 
develop mto spores, each dividmg to form a defimte niunber 
of sporozoites 

Among the Amcebospobedia {— Neospobidia) the hfe-cyole 
IS less comphcated, and sexual dimorphism and change of hosts 
are not met with. Reproduction takes place more or less 
contmuously throughout the trophic phase, the organism 
ultimately becoming a huge mass of spores Spore-formation is 
also on an entirely different plan firom that m the TeIiOSPOKHHA, 
aijd does not usually result from the divisions of a zygote 
The hfe-histones among the subclasses CuiDOSPOErDiA, 
Sarcospobidia, and HAPLOSPOE,rDiA differ considerably, and 
it IS impossible to attempt a generalized account reference 
must therefore be made to the detailed accounts given imder 
these different subclasses Among the CNXDOSPOBipiA both 
schizogony and sporogony are met with Schizogony is 
carried out by bmary or multiple fission, by budding, or by the 
cleavage of the multmucleated plaamodium mto two or more 
multmucleate parts {plasmotomy) Isogamous, amsogamous, 
and autogamous reproduction have been reported m a number 
of forms, and the zygote becomes the sporont, m which 
one to many spores become differentiated The spores are of 
a unique structure Each spore possesses one to four polai 
capsules, each contammg a coiled polar filament, and one to 
many sporoplasms The mode of development of these spores 
differs m different cases In the orders Myxospoeidia and 
AcrTNOMYXiDiA several cells appear durmg the process 
These cells give nse to one or more sporoplasms or generative 
cells, capsulogenous cells, and the spore-membrane In 
the order Micbospoeidia the amoeboid sporoplasm undergoes 
schizogomc multiphcation, and the scluzonts later become 
sporonts, each producmg the characteristic number of spores 

The Saecospoepdia produce long rod-hke masses of spores 
among the muscle-fibres, which they parasitize The spores 
are crescentic m outhne and do not contam polar capsules. 
Only portions of the full hfe-cycle are known 

The Hapeospoeidia show a comparatively simple hfe-cycle 
The spores are spherical or elhpsoidal, with a single large 
nucleus and no polar capsule The amoebula grows, and by the 
repeated division of the nucleus forms a plasmodium The 
plasmodium may divide {'plasmotomy) or may produce mero- 
zoites {schizogony) or form spores The spores anse either 
from sporoblasts, each of which gives rise to a smgle spore, 
or from pansporoblasts, which give rise to a number of 
spores 
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Phylogeny and Classification. 

All parasitic forms are assumed to have been evolved from 
free-livmg ancestors The problem naturally presents itself 
as to what must have been the nature of the ancestral forms of 
the Spokozoa and what is their relationship to the remaimng 
classes of the Pkotozoa The Chjcophoea are at once 
excluded, as they are far too specialized, and the Spobozoa 
do not shou an}' special relationship with them Two rival 
theories of Sporozoan ancestry have been put forward m the 
past, one claimmg their descent from the Rhizopoda, the other 
from the SIastigophoba The Rhizopoda and the ilASXiGO- 
PHOBA are themselves hhked together hlany Rhizopoda 
show flagellated stages m their hfe-cycle, and there are many 
ilASTiGOPHOBA which are amoeboid Most authonties agree 
with Awennzew (1910) that an amoeboflagellate type represents 
the primitive stock of the Peotozoa, which gave rise to all 
existmg groups, becommg differentiated mto Rhizopoda on 
the one hand and Mastigophoba on the other Butschh 
(1882) was the first to advance the theory of the Euglenoid 
ancestry of Spobozoa, accordmg to u hich a tj’pical Plagellate 
would become adapted first to a saprophytic and then to 
a parasitic mode of hfe, and thus lose the special organs of 
locomotion, nutrition, etc As remarked by Slmcbm (1903), 
“ an Euglma or Aslasia, depnved m this way of flagellum, 
mouth, chromatophores, stigma, and vacuoles, nutntive 
or contractile, would be practically mdistmguishable from 
a simple Gregarme ” The euglenoid movements of the Gre- 
garmes, and of the motile stages of other Spobozoa, such as 
the sporozoites and merozoites of Coccidia, the free stages 
of the HAaioGEEGABtNiDA, and the ookmetes of the ELfflMO- 
SPOBTDiA, lend support to this view, and additional support 
has been furnished by the discover}' of flagellated stages m the 
hfe-cycle m many Sporozoan forms 

The hfe-cycles of the Abicebospobidia (=Neospoeidia), 
however, do not lend support to the above-mentioned view 
They have no Euglenoid phases, do not possess flagella at any 
stage of their hfe, and are amoeboid throughout their trophic 
phase Thus the Amcebospobidia give support to the rival 
theory of Rhizopod ancestr}’’ It was doubtless this funda- 
mental difference that led Schaudinn (1900) to divide the 
Spobozoa mto two subclasses, viz , TjEEOSPOEiDiA and 
Neospoeidia , and led Hartmann (1907) to regard the 
Spobozoa {jsensu stncio) and the Amcebospobidia as distmct 
classes Mmchm (1912) expressed the opmion that from such 
forms as Gercomonas arose on the one hand the Rhizopoda 
and their derivatives (Neospobidxa) by loss of flagella and 
specialization of the amoeboid form m the adult, and on ihe 
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other the Masxigophoea and their derivatives {Telosporidia, 
Infusoria) by speciahzation of the flagellar apparatus, 
combined with the acquisition of a cortex and loss of amoeboid 
movement Hartmann (1923-5^ and Fantham (1936) have 
also discussed the ph Jogeny of the Spceozoa 

Takmg the Teeosporidia (=Sporozoa sensu sfncto) first, 
we are struck by the obvious pomts of difference between the 
Gregarenlda and the Coccediomorpha In the GREGAEiNtDA 
two sporonts become enveloped in a common cyst before they 
give rise to gametes and the umon of gametes takes place 
within the cyst The cyst contains many zygotes, and each 
zygote gives ttsc to a smgle spore In the Coccediomorpha, 
on the other hand, the gametocytes are more or less widely 
separated from one another when produemg the gametes , the 
female gametocyte remams undivided to form a single macro- 
gamete, which is very much larger than the imcrogametes 
and the zygote undergoes a process of dinsion, givmg nse to 
a large number of sporoblasts and sporozoites The common 
ancestral tjqie may be assumed to have been one m which 
the trophozoites that grew into gametocj’tes were separated 
from one another and produced their gametes separate!} , as 
in CocciDiA , but each gametoc^'te produced a number of 
gametes which were more or less alike, as in the Gregarintda 

As the Gregarinida came to acquire an mtercellular trophic 
phase, the sporonts became free and motile, and it was thus 
possible for the gametocytes to associate and encyst together, 
liroducmg their gametes in close proximiU Tliere would 
be neither any difficulty for the male gametes to find the 
female, nor any need for mcreased specialization of the gametes 
They would lose even the slight degree of speciahzation in- 
herited from the ancestral form, wnth the result that the\ 
would be similar and would be produced m equal numbers by 
the tw o gametocjdes 

The CkicciDLv, on the other hand, retained an intracellular 
habitat for their trophozoite'^, and the garnet ocj'tcs were 
widefr separated i^hen producing the gametes The gametes 
thus had to seek each other, and this led to greater spcciahza- 
tion The male gametes became very •small and very motile 
and were produced in large numbers the female gametocyte 
no longer divided mto a number of gametes but bee? me a single 
macrogamete After fertilization the suppressed divnsion-, 
of the female gametocyte would take place in the zygote 
leading to the production of a number of sporoblasts spores 
and sporozoites The spore may be regarded as comparable 
to the encysted zygote of the Fiageija.t\ In the suliorder 
Adegeidea, however, the gametocytes acqiured the habit of 
association prior to gamete formation but this led mcrch 
to a reduction in the number of male gametes produced 
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The BLsaiosBOEiDiA resemble the CocciniA very closely 
Their hfe-cycle can be described m identical terms and the 
pomts of difference attributed to their becoming adapted to 
parasitism upon a special kmd of cell, viz , the blood-corpuscles 
the two orders are thus so closely alhed that Doflem (1901) 
was led to consider the two as suborders of a sm^e order, the 
CocciDioMOKPH.! The ELfflMospoBiDiA exhibit an alternation 
of generations, the asexual process or schizogony alternating 
with the sexual process leading to sporogony , but an essential 
difference from the Cocctdia is that there is an alteration 
of hosts, schizogony taking place m the blood or mtemal 
organs of a Vertebrate, and sporogony m the digestive tract 
or other organs of an Invertebrate Fertilization takes place 
m the stomach of the Invertebrate host, which has suckim up 
the gametocytes from the blood of the Vertebrate The 
zygote, instead of bemg a motionless body, is a motde venmcule 
(ookmete), which penetrates the wall of the stomach and forms 
its oocyst, which increases m size with the growth of the zygote, 
and only persists while the zygote is producmg sporozoites 
The absence of spores with resistant cysts is due entirely to 
the fact that the parasite is always sheltered withm the body 
of one or the other of its two hosts 

So far as the Amcebospoeidia (=NE0SP0ErDiA) are concerned, 
their afiinities are entirely with the Rpozopoda The body- 
form of the sporozoite and the adult is that of an amoeba, 
and no flagellated stages are knoiim to occur As remarked 
by Mmchin, “ the muon of the Telospoeidia and Neospokidia 
in one class — the Sfoeozoa — is a qmte artificial arrangement ” 
Practical convenience and common practice alone justify 
their mclusion m one class 

Tlie Amcebosporidia comprise the three subclasses Cnido- 
SPOKiDiA, Saecospoeidia, and HapIjOSpoetdia The Cntdo- 
SPORiDiA are a well-defined group and are characterized by the 
spores possessmg the polar capsules Taveran and MesmJ 
(1899) described^ m the spores of Harcocystts tenella a striated 
structure representing a polar capsule, and Mmchin (1912) 
was led to include iiABcosPORiDiA among the GNTDOSPOBiniA 
l^ter authorities have shown that among the Saecospoeidia 
mere is nothmg correspondmg to the polar capsule, so the 
Cnidospoeidia, Saecospoeidia, and Haplospoeidia are best 
regarded as distinct subclasses, having no affimties with one 
another or with the Telospoeidia 

The Cnidospoeidia comprise the orders Myxosfoeidia, 
Actinom y xiDiA, and Microspoeidia, to which a fourth 
OTder has been added by Rudo (1931), under the name of 
MEMcosMEiDiA, to include a smgle species described by 
iveiun Dunkerly (1925), discussmg the development and 
reJatiOTiglup of the Myxospoeidia, pomted out that these, 
like the Volvocacea: among the Flagellates, represent an 
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unsuccessful line of advance from the tjrpical Protozoan, 
not reaching, however, the Metezoan type of structure 
He discussed the ongm and relationship of the spore-forming 
nuclei and cells in the pansporoblast, and suggested that 
physiologically the spore of a Myxospondian is a multicellular 
umt analogous to the Infusonform embryo of the Mesozoan 
Dicyema , although the Myxospoeidia exhibit Rhizopodan 
relationships, while the Mesozoa are probably derived from 
cihated ancestors Although the Myxospokidia do not 
represent a direct link between Protozoa and Metazoa, 
they seem to mdicate a physiological reason for the ongm of 
a soma, as a protective accessory to germ-cells There is 
a well-marked alternation of generations among the Ccelen- 
TERATA, as there is among the Myxosportdia, and the occur- 
rence of nematocysts m the former and the polar-capsules m 
the lath r is not without significance 
The Sporozoa are divided in. this work into the foUowmg 
subclasses, orders, and suborders — 

I Subclass TEiiOspOBtDiA Schaudmn 
I Order GBEOABimDA A Schneider em Dofiem 

1 Suborder Eugbeqabinaeia. Doflem. 

1. Legion BLapeocvta Lankester 

2 Legion Septata Lankester 

2 Suborder SoBatzooBEGABiKABiA L^ger 
n Order Cqccedia Leuokaxt 

1 Suborder Adeeeidea LSger 

2 Suborder EmEBtDEA L6ger 

in Order HLsivospobidia DamieTrsky em DoSem 

1 Suborder ELEHosPOHroimnA Wenyon. 

2 Suborder PmopiiAsiirDEA Wenyon 

n Subclass Cntdospobedia Doflem 
I Order Mxxospobedia Butschli 
n Order Actinomyxidia Stoic 
ni Order Miceospobidia Balbiam 
IV Order HELTrospoBmiA Kudo 
nr Subclass Sabcospobidia Balbiam 
I Order Sabcospobidia Babudion 
n Order Qlobidia Babudien 
IV Subclass BLaplospofedia CauUory & Mesrul 

The further classification mto famdies and the genera and 
species dealt with will be seen from the Svstematic Index 

Study of the Group in India 

Vandyke Carter (1888), Evans (1888), Hehir (1893), and 
Crombie (1894) were the earliest to observe the malanal 
parasites in India It was, however, Ronald Ross (1895, 1897) 
who observed certam stages of development of the malarial 
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parasites in the stomach of the mosqmtoes fed on the blood 
of malarial patients, and later (1898) elucidated the hfe-cycle 
of the malarial parasites of birds and then transmission by 
Cvlex mosquitoes In the course of hia mvestigations between 
1895 and 1899 he also noted a number of other parasites of 
mosqmtoes Ross had not received any special protozoological 
or entomological trainmg, and had to com a new temunology 
for the various phases of the parasites that he observed 
Smce that time India has been the field of the labours of many 
workers on different groups of Spoeozoa, and it will be con- 
vement briefly to review then work by deahng ivith the various 
orders one by one 

OiiEGAiiiAiDA — ^Ross (1895) was the first to describe 
a Gregarme parasite from a mosquito, which he referred to as 
Gregartna cuhct^ Guenther (1914) descnbed a parasite from 
another mosqmto m Ceylon, and Mackie (1915) and Swanunath 
(1923) recorded certam organisms from sandflies in Assam 
and Bengal, which were later fiilly descnbed by Short and 
Swanunath (1927) All these organisms are now known to 
belong to the genus Lanfcestena Cornwall (1916), while study- 
mg the anatomy and hfe-history of Lepi^ma saccharina 
described some of its Gregarme parasites which have been 
considered as new species of Gfregartna m the present work 
Ghosh (1923) descnbed some monocystids from the earth- 
worms of Calcutta 

About the same time I took up the study of the monocystids 
of earthworm^ in the Punjab, and Bhatia (1924), Bhatia and 
Chattorjee (1925), and Bhatia and Setna (1926) descnbed 
qmte a number of new species, belongmg to the genera Mono- 
cyaiis, Apolocystis, Nematocystis, Stomatophora, Rhynchooyslis, 
and I)trhynclMcyst%8, from the earthworms from the Punjab 
and Bombay Setna (1927) descnbed a remarkable new 
orgamsm under the name Grayalha, quadnspma from Pheretima 
heteroch^eta from Bombay Bhatia and Setna (1924) descnbed 
several cephahne Gregarmes from certam Insects, mcludmg 
Caulocephalus erenata from a beetle and Leidyana xylocopss 
from the carpenter-bee, the latter bemg the first Gregarme to 
be recorded from a h 3 Tnenopteran host Later Setna (1931) 
descnbed three new Gregarmes, Bhatiella morphysie, Ferrana 
comuc&phali, and Extremocystis dendrostomx from certam 
Polycb'eetes, etc , taken at Port Blair m the Andn.-mn.'n Islands 
Setna and Bhatia (1934) also descnbed some new Greeannes 
from a prawn from Bombay 

Gates (1926, 1933) gave a descnption of two very cunous 
parasites from the coelom of certam Burmese earthworms, 
Aikineiocystis stngulans and NeUocystis btrmamca, which have 
had to be placed m a family by themselves 

Workmg at Calcutta, Ray mitiated a senes of studies on 
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Spoeozoa from Indian IVIiUipedes, and Bay (1933), Bay and 
Chakravarti (1933), and Chakravarti (1933, 1935, 1936) have 
descnbed Bt&tiopTiora khagtTidrse, Stenophora eUtpsoidt, Mono- 
dxLctus lunatvs, Hyalosponna camholopst'Sse, and Hyalosporina 
rayi Three of these forms are placed m new famihes by their 
authors 

CocciDiA — Simond in 1901 was the first to publish a senes 
of papers on Hsemogregarmes from Indian tortoises and the 
gavial, and Laveran and Mesnil (1902) and I<averan and 
JSfattan-Larrier (1912) observed HBemogregarmes in certam 
other tortoises The pioneer work on the Hjematozoa m 
Ceylon was earned out by Castellam and WiUey (1904, 1905), 
Robertson (1908, 1910), and Dobell (1910) James (1905), 
Bentley (1905), Christophers (1905, 1906), and Patton (1908, 
1909) described species of EssmogregariTia and Eepaiozocm 
from various mammals, and the sexual cycle of Hepatozoon 
cams was ftill 3 '^ worked out by Christophers (19Q7, 1912) 

Froilano de Mello and his colleagues, working m Portuguese 
India, have published a number of papers (1915-1937) deahng 
with the Hsemogregarmes of hzards and Toxoplasmids of 
vanous birds De MeUo also descnbed (1921) Adslea pache- 
Isbrse m a mollusc 

In the family Eimemdse many species are now known 
from hosts belonging to all classes of Vertebrates Cooper 
and Gulati (1926), Cooper (1926, 1927), Sen (1932), and Ware 
(1936) recorded cases of bovme Coccidiosis Knowles and 
Das-Gupta (1931, 1934) studied the Cocchua of the mon- 
goose, cat, and lizard, and Das-Gupta (1934) recorded a ca^e 
of coccidial infection m man Ray (1935 o, 5) described 
Wenyoneda hoarei from the squirrel and Eimena laminata 
from the common toad , and Ray and M Das-Gupta (1935) 
descnbed Isospora wenyom from the toad, and also (1937 a, h) 
descnbed Coccidia from a lizard and the cobra Setna and 
Bana (1935 a, 6), workmg m Bombay, descnbed Etmena 
harpodom from a fish and Etmena fiavivindrs from a hzard 
They have also recorded the occurrence of Coccidia in a 
number of species of manne fish 

H^mosporidia — -As mentioned already, Vandyke Carter 
(1888), JEvans (1888), Hehir (1893), and (kombie (1894) were 
the earhest to observe the maJanal parasites in India But it 
was the memorable work of Ronald Ross (1895, 1897, 1898) 
that laid the foundation of the correct understmdmg of the 
hfe-cycle of the malanal parasites m man and birds He 
succeeded m establishing the fact that further development 
of the human malarial parasites takes place m the body of the 
dapple-wmgedmosqmtoesthathavefedon the blood of malarial 
patients , and he elucidated the complete hfe-cycle of the malarial 
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parasites of birds and the part played in their transmission by 
Cnlex mosquitoes His discovenes were confirmed by Darnells 
(1899, 1900), Stephens and Chiristophers (1903), and Christo- 
phers (1904) Cornwall (1901), Donovan (1909), and Cragg and 
Naidu (1918) recorded observations on the morphology of the 
malarial parasites In more recent years important contri- 
butions have been made to our knowledge of the morphology 
of these parasites by Acton, Cui^el, and Dewey (1921), Kmowles 
(1923), Lai (1925), Knowles and Semor White (1927), Clark 
(1927), Hehir (1927), Row (1928, 1930), Ehiowles, Acton, 
and Das-Gupta (1929), and Knowles (1931) Smton (1929) 
has pubhshed a complete bibhography of the hterature 
deahng with malaria m India Papers deahng with trans- 
mission by various species of Anophehnes and the seasonal 
incidence of malana mclude (among others) those of Stephens 
and Christophers (1902), James (1903), Bentley (1911), James 
and Liston (1912), J R & H Adie (1913), Gill (1926), James, 
Nicol, and Shute (1927), 'Carter and Jacocks (1929), Carter 
(1930), Knowles, Semor White, and Das-Gupta (1930), Kmg 
(1931), and Iyengar (1931—4) The distribution of the vaiious 
species of malarial parasites has been dealt with by Christo^ 
phers and Smton (1926), and the distribution of diSerent 
species of Anophehne earners m important monographs by 
CoveU (1927, 1931) 

The mtilanal parasites of monkeys have been studied by 
Knowles (1919), Donovan (1920), Knowles and Das-Gupta 
(1932, 1934), Smton and Mulhgan (1933), Smton (1934), and 
Mulhgan (1935) Malanal parasites have also been desenbed 
in various other mammals, yiz , by Mackie (1914) m a bat, 
Sheather (1919) m the buffalo, de MeUo and Paes (1923) 
m the horse, de Mello and colleagues (1928) m the ant-eater, 
and de Mello (1936) m the otter, and m various birds by de 
MeUo (1935) 

Parasites belongmg to the family Hsemoproteidse have been 
desenbed by Castellam and Willey (1904, 1906), Acton and 
Knowles (1914), Alcock (1914), Adie (1916), de Mello and 
colleagues (1917), de Mello and Raimundo (1934), de MeUo 
(1935), and de MeUo and Afonso (1936) 

The Piroplasmids have also been studied by a number of 
workers Lmgard and Jenmngs (1904) were the earhest to 
observe these parasites m vanous animals Webb (1906) 
observed them m fox-hounds and Axe (1906) m horses 
Christophers (1907) desenbed the developmental stages of' 
Piroplasma cants m the tick, and Patton (1910) desenbed 
P gibsoni ffom the dog and the -jackal Baldrey (1911), 
Gaiger (1911), and Symons and Patton (1912) also studied 
the Pnoplasmids Smton (1921) desenbed NvMaUta n%nense 
from the hedgehog, Rau (1926) and Symons (1926) studied the 
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Piroplasmids from hounds, Cooper (1926) from cattle, 
Kn^ma Iyer (1933) from goats, and Achar and Shnkantiah. 
from sheep Sarwar (19^) descnbed Ptroplasma taylon 
from a goat, but I (1936) have shown that this form 
appears to be identical with Theil&na him Shortt (1936) 
has re-studied the life-history of Babesia cants m the dog- 
tick 

Cnidosporidia — Very little work has been done on the 
Cnidospokidia The Myxospobtdia have been studied by 
Bosanquet (1910), Southwell (1915), Southwell and Prashad 
(1918), and Ray (1933) As regards the Mioeosporidia, 
Korke (1916) descnbed a species of Nosema parasitic m the 
dog-flea Mrs H A Adie (1922) observed certain bodies m 
Ctmex rotundatns m a Kala-azar infected area m Assam, and 
beheved them to be Leishman-Donovan bodies, but Clmsto- 
phers (1922) and Short and Swaminath (1922) regarded the 
organism as a species of Nosema, and described it as jV adiei^ 
Iyengar (1929) and Kudo (1929) have studied the micro- 
spondian parasites of Anophehne larvie 

Sarcosportdia — Shipley (1904) and Willey, Chalmers, and 
Philhp (1904) described sarcospondian infection m buffaloes 
m Ceylon , Chatterjee (1907) described what was probably 
the same species from the heart-muscle of a cow m Calcutta. 
Vasudevan (1927) descnbed a case of sarcospondian infection 
of man in Madras Hassan (1935) has descnbed a new species 
of Olobidium from a cow 

Haplosporidia — ^Mmchm and Fantham (1905) descnbed 
an organism, which they named Khinospondium Limalyif 
from a nasal poljq), and regarded it as belongmg to the Hapro- 
SPOEiDiA, but Ashworth (1923) has shown that the orgamsm 
is a fungus Vasudevan (1932) descnbed a case of rhmo- 
sponal infection of the fore-arm of a man m Ceylon , but 
no true Haplosporidia have so far been descnbed from 
India 


DlSTREBtmON 

The geographical distnbution of parasites usually follows 
that of their hosts The names of jthe hosts, and the localities 
m w^ch any parasite has been found, are noted after the 
description of the species, and, generally speakmg, the same 
parasite may be expected to occur m the same species of hosts 
m other locahties also The followmg hsts of (i) parasites 
and their hosts, and (n) the hosts and their parasites, wiU, 
it is hoped, be found useful, and mdicate at a glance which 
of our commoner animals stiU remam to be exammed for their 
parasites 

SEOR r> 
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SPOSOZOA 


(j) Jjrst of^Parasties and their Hosts 


Paramte 


Greoamnida 
P am Monocxsttojs 
Monocystts beddaridt 

jMonocyatts bengalenats 
Monocystxs Hotdr 
JMonocystxe phcr^tmt 
Apolocystxs maOfiatt 
Nematocystis hesset 
Nematocyatta lutnbncotdcs 
Nematocyatia plunkaryo- 
Bornata 

Nematoeyah-a atephensont 
Nemtttocyatta vertntcuJana 

Pam RffTNCHOCYerm^ 
JRhynchocyaita aivaiti 
Hhynchocyatta cognetii 
Rhynchocyatta mamiUota 
Pam Stomatophobida: 
Slomatopho^ btilbtfera 
Stomotophora <x>ronata 
Stomatophora dxadema 

Pam Zyoooy 8 Tida: 
jBxtremocyatia dendroatomt 
Pam A ik - i KK rnrrvBTTT>jP 
AiLinctocyaiia atnyuiaT^ 


Nellocyatta btrmantca 
Pam DtpixJcYSTiD^ 
Lankestena cultcia 


LoTtkcsierta mackiex 


JUinkestarta trtpterotdeai 

Pam Leoutdinid^ 
l/ccudina bmaili 
BhaUella morphyaie 
Fcrrana eomiictphalx 

Incert-e sedis 


EiUyphceua nxcholsonx , Semmal vesicles 
Etilyphcstia sp Semmal vesicles 

Phcretima poathuma Semmal vesicles 
Phereiima poathuma Semmal vesicles 
Pkeretima pxoathiima Semmal vesicles 
Meqaacotex tnlobatua Semmal \ esicles 
Phereitma heterochaeta Semmal vesicles 
Pheretima heterochaeta Semmal vesicles 
AUotohophora (Etaenui) Semmal vesicles 
fcctida 

Eutyphoeua tncommodua Semmal vesicles 
Phereitma barbadenaia Semmal vesicles 

Pheretima clongata Semmal vesicles 

AUoldbophora cahgtnoaa Semmal vesicles 
Phereitma elongaia SammGQ vesicles 

Pheretima elongata Semmal vesicles 

Pheretima barhadenaia Semmal vesicles 
Pheretima barbadenaia Semmal vesicles 
Pheretima poathuma Semmal vesicles 

Oendrosloma aignifcr Coelomio cavity 

Eutyphccua /qveatua Coclomic cavity 
Eutyphoeua a^nuloaua . Coelomic cavity 
Eutyphceua rarus Coelomio cavity 

Eutyphoeua peguanua Ccelomic cavity 
Pheretima compta Coelomic cavity 

AaJea (Stcgomyia) St-omach and Mal- 

oegypti pighian tubes 

Aedea (Stegomyia) albo. Stomach and Mal- 
pictua pighian tubes 

Phlebotamua argentipea Alimentary canal 

and hremocoelo 

Phlebotomus papataat Alimentary canal 

and hffimoccelo 

Tripteroidea dofieim Haemoooelo and 

respiratory sys 
tern 

Lumbriconercia sp Intestme 

Morphysa snnguinea Mid-gut 
Morphysa aatiguinea Mid gut 


Dirhynchocyatia globosa Eutyphoeua sp Semmal vesicles 

~ „ , Pheretima poathuma Semmal vesicles 

Qrayalha quadriapina Pheretima heterocheeta . Coelomic cavity 

, Por Simplementary List of Parasites and their Hosts recorded since 
tjio above list was m type, see p 374 
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Parasite 

Fam Stenophokid^ 
Stenophora eUipsotdt . 
Stenophara Tchagcndrm . . 

Fam TLyaIjOSporinidje: 
Hyalosporma cambolap- 
stsm 

Hyalasponna rayi 

Fam GsEOAEnnDJE 
Lexdyana gryllorum 

Lexdyana xylocopas 
Qrcqarma actculata 
Qreganna corravaTlx 
Oreyartna oviceps 

Caulocephalug crenata 
Prolomagalhisnsxa (?) 
atienuata 

Hvrmocystxi (?) paraptne- 

opBisx 

Fam Actikockph AT.in^ 

SUintna metapJaxt 

Fam DAcrvxoPHOBro^E 
CfrdmeckteUa nnvillas 

Fam Monodgctipje 
Monoductxia lututiiis 

COCCTDIA 
Fam Adkletda 
Adelea pachelebrss 

Adelina scJieUacki 

Fam H^MOGBEGABiKioa; 
HsEmogreganna berestneffi 

Hfemogregartna caniltet 
Htemoyreganna hanktnt 

Hamogregarina laverant 

Hssmogreganna lesehen- 
auhtt 

Heemogreganna magna 

Htemogregurina mala- 
banco 

Hsemogregartna mcsnilt 
Heemogreganna mtrabtlis 


SOBt 

Diplopo ia sp 
ZiLadeamita (t) Bp . 


Oambolopeia Bp . 

Polyd-esmuB sp 
StrongylOBoma cantor- 
ttpee 

Oryllue sp 

Xylocopa ecsluana 
Lepisma sacchanna . 
JjCptsma sacchanna 
Chryllus sp 

Atdacophora fcneicoUis 
Parapcneopsis sculptihs 

Parapeneopns seulpttlis 


Mctaplax dtnUpes 


Scolopendra ep 

Strongylosoma contor- 
iipes 


Pachelabra moesira 
Cormoccphalue denhpes 

Sana hexadadyla 
Rana limnocharta 
Rana tignna 
Eryis conicus 
Crocodxlus porosua 
Oraxnalxa gangctxcxcs 
Lxssemya punctata 
granosa 

Hemxdactylua leachen- 
auUt 

Rana Ixmnocharta 
Rana txgnna 
Lxssemya punciata 
granosa 

Kachxiga tectum 
Tropidonotus aaperrt- 
mxia 

Tropxdonotua piscator . 


Seat 

Mid-gut 

Intestme 


Alimentary canal 

Alimentaiy canal 
Alimentaiy canal 


Gizzard and mid- 
gut 

Alimentary canal 
Mid gut 
Mid-gut 

Gizzard and mid- 
gut 

Alimentary canal 
Intestme 

Intestme 


Intestme 


Intestme 


Alimentary canal 


Intestine and di- 
gestive glands 
Intestme 


Blood 

Blood 

Blood 

Blood 

Blood 

Blood 

Blood 

Blood 

Blood 

Blood 

Blood, liver, bone- 
marrow, etc 
Blood 
Blood 

Blood 

C 2 
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SPOEOZOA 


Paraaito 

Fam ELsmoobeoarinida: 
(cont ) 

Hmmogreganna rwgse 
Bfemogreganna niconm , 


Btcmogreganna nucleo- 
btsecans 

Bscmogreganna pythonis 
Hicmoffregartna rara 
Hmmoffreganna rodriguest 
Brnmogreganna etepanowi- 
ana 

Brnmogreganna tesludtnta 
Bamogreganna thomsoni 
Boemogreganna thyramdea 
Btemogreganna Uadn 
Brnmogreganna vUtataa 

Bsemogerganna xavten 

Baamagreaanna sp 
Bscmogreganna sp 
Bscmogreganna sp 
Bscmogreganna sp 
Brnmogreganna sp 
Bscmogreganna sp 
Hcemogreganna sp 
Bscmogreganna sp 
Bscmogreganna sp 

Bscmogreganna sp 

Bscmogreganna sp 
Bscmogreganna sp 
H'cmogreganna sp 
Bscmogreganna sp 
Bscmogreganna sp 
Bscmogreganna sp 
Bscmogreganna sp 
Bscmogreganna sp 
Bscmogreganna sp 
Bscmogreganna sp 
Bepatozoon adiev 

Bepalozoon cams 


Bepatozoon fehs domestict 
Bepatozoon fiinambuh 


Host 


Naja naja 
Oeoetnyda tnjuga 
Ltaaemyc punctata 
granoaa 

Ozobranchus shtpleyt . 
Bufo melanosticlua 

Python molunia 
Chinemya reevesti 
Bemtdactylus brooLei 
Chinemyp reeveatt 

Tesludo emya 
Agama tuberculata 
Thyraoidea macrurua 
Bemtdactylua tnodrua 
Inaaemya punctata 
granoaa 

Inaaemys punctata 
granoaa 

Tnchogaater Jasciatus 
Varanua momtor 
Sungarus cserulexta 
Chryaopelea omata 
Zaocya mucosua 
Porocephalua pattern 
Coluber helena , 
Coluber sp 

Dzpaadomorphva for- 
atenn 

Dtpsadomorphua ceylon- 
enata 

Dendrophya pictua 
DrydpMa myclenzana 
Eryx johmv 
Naja bungarua 
Naja naja 
Naja naja var atra 
Naja sp 
Python sp 

Troptdonotua atdlatua 
Vzpera ruaseUtt 
Eagle (not identified) 

Cams aureua 

Cams Jamihana 

Cyan dukhunenais 

Vulpes bengalenaia 

Rhxpicephalua aan- 
guineua 
Pclxe sp 

Funanibulua pennanht 
Hcemofopintes sp 


Seat 


Blood 

Blood 

Blood 

Body- 

Blood 

Blood 

Blood 

Blood 

Blood 

Blood 

Blood 

Blood 

Blood 

Blood 

Blood, lungs, 
spleen, liver 
Blood 
Blood 
Blood 
Blood 
Blood 
Body 
Blood 
Blood 
Blood 

Blood 

Blood 

Blood 

Blood 

Blood 

Blood 

Blood 

Blood 

Blood 

Blood 

Blood 

Lung and leuco- 
cytes 

Internal organa 
and leucocytes 
Internal organs 
and leucocytes 
Internal organs 
and leucocytes 
Internal organs 
and leucocytes 
Body 

'Leucocytes 

Leucocytes 

Body 
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1 

k - 
! 


Para»t« 

Btpatoiom gcrb'H' 

Bepatozoon Upons 
EtpaUizoon mtirw 


Etpffozoim sp • 
Koryolysii^ )orge\ 


/ 

HJTEODUCTlOlf* 


Host 

, TaUfO indita • • • * 

E«malJ>pinui sUphenn 
, Lepw myrtcdUu • * • 
Ba<to noroepicus • - 

Batlw ntjexens 

Zisilaps ecAuJntftMS « . • 
. . PUromys petounsta i 
Calates verstcolcr major 


SMt. 

Erytbiooyt«8. 

Blood 

Eiver cells and 
leucocyte*. 

Ltver cells and 
leucocytes 

Body. 

Blood 

Blood, and endo* 
thelial cells of 
hver and lungs. 


Jr 


r 

jj 

r 

'i' 

(S' 

f 


Fam EiHEEnDiE, 
Jjanhattrdla mtntma 
LanLeflerdla tnonilis 

Itoipora Mil 
hcapora hyemina 


leospcra caloU . • 
jBOBpora Jclis 
Impora knowlisi 


BanaUgnna 

jRano hmnoc?tan« ... 
Sana tigrina .. . 
Homo aapions 
Cants sp 


Calofea lermcolor . . . 
Fdis domesticus ... 
Hemidadylm fiavtvtn- 


Blood. 

Blood 

Blood 

Alimentary canaL 

Sub-epithelial 
tissues of the 
mtestme 

Intestinal epithe- 
lium. 

Intest mal epithe- 
lium 

Alimentary canal. 


Jsospora tntnufo 
Isosvora rtvoUa 


Jsospoia wmyont 
Jtospora sp 
Emtna dupearum 
Etmoria columbx ... . 

Etmsna cylindnca 
Eimmajaitrti , 
jEijntna jkjt/iwndw 

EiJMcria harpodont . 
Bmerta hemidcKtyh , , . 

Bmtrui lermorganti , . . 
JSimerto tnoicJeJv , , 

■Bjwcjia laminate 
£mtna legen . 

Eirmna mtirarui , 
Ettnena naja 
EttTKfia piscaion . 
•Ewncrio sardirue 
•Bimeno soutfiwellt 
Ewicna yakmm 

Eimtrta gp 
■Eimma sp 

^WK-ta Sp 

■Etmcria sp 


Naja noja 
Fehs domeshms 

Eerpestee auropuncUUxu 
Bttfo mdanoahdua . . . 
Bos sp 

Eonw sapiens 
OdCamba lima inter- 
medio 

Nafnx piscaior 
Ovis sp ... 
Hemidaclylus Jiavtom- 
dw, 

Sarpodan ndieretu , . 
Semtdaciylus Jknnvm- 
dis 

Oaviahs gangeticus . . 
Semtdaciylus fiainvin- 
dts 

Bujo mdanosixetus ... 
iiesemys puncteto 
granosa 

Chtnemys reeicstt . .. 
Najanaja . . . 

pistalor . , 
Homo sapiens 
j£<ot)otM nonnon . , 
Bosdaphits tragoca- 
mdus 
Bos gp 

Tru-hiurua sowrio . 
■Batraeftus grunniens 
Epinephdus tanmna , 


Ahmentary canal 
Intestmal epithe- 
lium. 

Caoum 

Small intestine 
Alimentary canal 
Intestme 
Intestme. 

Koctum 
■Intestine 
Gall bladder and 
intestme 

Alimentaiy canal 
Intestme 

Spleen 

Intestme 

Small intestme 
Gall bladder and 
bile ducts 
Intestine 
Bectum 
Rectum 

Alimeatary canal. 
Intestine 
Aiimentary canal 

Alimentary oanah 
Intestme 
Intestine 
Intestine 
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SPOROZOA 


Paraeite 

Fam EimerudjE (coni ) 
Etmena sp 

Ethena sp i . > v 

Etmena ^ i -k » . 

Etmena sp 

Etmena sp . » - 

Etmena sp 

Etmena <T) sp » > 

Wenyonella hoaret » 
PythoneUa bengalenete 
Aggregata sp 

Inoebta: sedis 
Toxoplasma earns i • > • 

Toxoplasma oolumbte $ i • 

Toxoplasma ountcuh < . . , 


Toxoplasma fuhcse 
Toxoplasma sp 
Tox<^lasma sp > n , 
Toxoplasma {l)pyrogenes 

ELemoseomdia 
Fam H2FMOPBOTEn>a 
Htemoprotens antigone . 
Heemoproteus astuns , 

Beemoproteue cerchnetst 

Hsemoproteus columhm . 

HesTnoproUus ooractso , . 

Mssmoproteus corvtun 

Hesmoproteits dantiewekyt 


Hmmoproteua glauctdtt 
Heemoptoteiis gymnorhtdts 
Masmoproteus herodtadts 

Haemoprot&us Kopkt . , 


Host 

Enqraults mystax 
Otohthtis mber 
StUagb sthama » » , 
Cotha dvssumttn 
Plotossus cantus 
Eptnephehts dtacanthus 
Culcx sp . 
Scturua sp 

Python ep , 

Parapeneopste sculp- 
Uhs 

Cants Jamtltans > 
Columba Itvia 
Lepus sp 


Fuhca atra 
Passer sp 
Saxtcola caprata 
Homo sapiens 


Anthropoides vtrgo 
Astur badttis dussu- 
mten 

Ccrchnew tmmmculo- 
sus objurgatus 
Columba Itvta 
Lynchta maura 
Coraeias benghalensts 
benghalensis 
Conma Imaillantv 
macrorhynchus 
Corvus splendens 
Anas {Fultgula) boon . 
Copsychus eaulans ^ 
Coraeias benghalensts 
tndica 

Oamilax albigulans 
Garrulus lanceolatus 
Olareola pratincola 
Ktttannda macroura 
Melophus melamctems 
Mesia argentauns 
iV ettapus coromandeh 
anus 

Cites -bakkamoena var 
malabanca 

Propasser rhodochrous 
Prunella stroplnata jer- 
dont 

Olauetdtum radtalum 
Oymnons xanthocollis 
Egretia trUermedta 
tntermedia 
Hemtdactylus brooLt 


Seat 

Intestine 

Intestine 

Intestine 

Intestine 

Intestine 

Intestine 

Stomach colls 

Intestine 

Intestine 

Intestine 


Liver nnd spleen 
Leucocytes 
Liver, Bploon,bone- 
marrow, and 
heart-blood 
Lung 
Blood 
Blood 

Blood and spleen 


Blood 

Blood 

Blood 

Blood 

Stomach 

Blood 

Blood 

Blood 

Blood 

Blood 

Blood 

Blood 

Blood 

Blood 

Blood 

Blood 

Blood 

Blood 

Blood 

Blood 

Blood 

Blood 

Blood 

Blood 

Blood 
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Parasite 

Host 

Seat 

Hsemoproteus machiolopht- 

Machlolophus xantho 

Blood 

Hssmoprofeus meichmkom 

yenya 

Ohxtra tndtca 

Blood 

Hsemoproteits onoh 

OnoluB onolus kundoo 

Blood. 

Hssmoproteus ravmuntti 

Leptocoma zeylomca 

Blood, lungs. 

Hsmoprotetis nlcyi 

Pavo cnstatus 

spleen 

Blood 

Hiemvproteua mmondv 

Hemjdactylus leschen- 

Blood 

Htemoproieus stumt 

aulti 

Slumta malabarxca ... 

Blood 

Hsemoprcteus upvpas . 

Upupa epops omentahs 

Blood, longs, 
liver 

Blood 

HmmoproUus wenyoni ... 

Orihotomus sutonus . . 

Hscmoproteiis sp . . , 

Antigone antigone ... 

Blood 

Msemoproteua sp 

Caloenas nicobartca ... 

Blood 

Htemoproten^ sp 

Ceniropue sxnenais 

Blood 

Hsemoproteu-B sp 

Chloropsts aurtfrons . 

Blood 

Hasmoprot&vs sp 

Turdoides slnatus 

Blood 

Biemoproteus sp 

stnatus 

Cyanops fiavtfrons . 

Bloifd 

Heemoproteua sp 

Dendrocttta rufa vaga~ 

Blood. 

Eamoproteus sp 

bunda 

Hahaeetus leucoryphas 

Blood 

Htemoproteus sp . 

Hemidactylus sp ... 

Blood 

Hsemoproteua sp 

CoryUts beryUinus . 

Blood. 

Htemoprat€U8 sp 

Psittacula alexandrt 

Blood. 

Hsemoproteus sp 

faseiata 

Otus bakLamoena 

Blood 

Hsemoproteus sp 

Slnx Qcellata 

Blood 

Hsemoproteus {?) segith^nm 

AEgxthxna tiphm 

Blood 

Hsemoproteua (7) anth% 

Anthus richardi rufulus 

Blood. 

Hsemoproteus (!) branm 

Athena hrama 

Blood 

Hsemoproteus (!) cenlropi . 

Centrppus sinensis 

Blood 

Hmmoproteus (!) dicrurx 

parrott 

Dicrurus macrocercus 

Blood. 

Hsemoproteus (!) elanv 

macrocercus 

Elanus cxruleus uoci- 

Blood 

Hsemoproteus (?) gaUinulse 

Jerus 

OaUtnuIa chloropua 

Blood 

Hsemoprotezis (!) lialcyonta 

Halcyon amymensxs 

Blood 

H^moproteus (?) otocotnpsm Elathea jocosa 

Blood 

Hmmoproteus (!) pastorts 

Pastor roseus 

Blood 

Hsemoproteua (!) platalese 

Platalea leucorodia 

Blood 

Hsemoproteus (?) tephro 

major 

Tephrodomis poudicertr 

Blood 

dorms 

Hsemoproteus (!) therei- 

anus pondtcenanus 
Thereiceryx zeylamcus 

Blood 

ceryms 

Hsemoproteus (!) thezei- 

inomata 

Thereiceryx zeylamcus 

Blood 

cerycta var zeylomca 
Leucocytozoon ehloropsidia 

zeylamcus 

Chloropais aunfrons 

daxndsom 

Coracias benghalensis 

Blood 

Leucocytozoon coracxse 

Blood and smears 

Leucocytozoon melloi 

benghalensis 

Coracias benghalensis 

&om lungs 
Blood and smears 

Leucocytozoon sp 

benghalensis 

Athene hrama 

from lungs 
Blood 

Leucocytozoo^x sp 

Falco sp 

Blood 

Leucocytozoon sp 

lanthocxncla rufogularxs 

Blood 

Leucocytozoon sp 

Leiothrix lutea 

Blood 
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SPOEOZOA. 


Parasite Host 

Fam HLasMOPBOTEiD/E (cont ) 

Leutocytozoon ep • , Oreteola ftrrca 

Leucocytozoon sp Propaeatr rhodochrous 

Leucocytozoon sp . Poking robins 

Fam PiABHODiDJC 

Proteosoma efUorapatdte . ^ CMoropataaurtfrons 

damdtonx. 


Pro{«o«oma coZumJa; 
ProUoaoma gaUinulm . . 
Protcosoma h&rodxadie 

ProtcoBoma tnoruony 
PrateoBoma paaaeris 
Protcoeoma priccox 


Proicosoma sp 
Pfoleosoma sp 
ProtcoBoma sp 
Proteosoma sp 
ProteoBoma sp 
Proteosoma sp 
Prateoaoma sp 
Proteosoma sp 
Proleoawna sp 
Proteosoma sp 
Proteosoma sp 
Proteosoma sp 
Laverama malarim . 


Plastnodtum vivaz 


Plasmodtum rtxalarm 


. Columba sp . ^ 

, Qalhnula chloropua 
. Egrctta tntermedva tn- 
tcrmedia 

Copaychtts saulans 
Passer domcsixcuo 
Axdemosync malabanca 
Stumus vitlgarua pol- 
taraULyi 
Tragopan satyra 
Anopheles subpictus 
Culex fattgana 
Antigone antigone 
eprvus eplendena 
Coryllxs berylhnus 
Cyanops JlavtJrona 
Elathea joeosa 
. Embertsa Jucaia 
Ghracula jndtoa 
Oarrvlax leticolophus 
, Lciothrtx lutca 

Melophtts metanictcruB 
Saxieolii caprata 
. Turdus boulboid , 
Homo sapiens , . . 
Anopheles annularis . 
Anopheles cultci/aeies . 
Anopheles jfluviatilts 
Anopheles Junestus . 
Anopheles geyponensts 
Anopheles maculatus 
Anopheles minimus . 
Anopheles philippmcn- 

SIS 

Anopheles stepTiensi 
Anopheles sundaxcus 
. Homo sapiens . . 
Anopheles annularis 
Anopheles cultcifaotcs 

Anopheles flumatiliB 
Anopheles Junestus 
Anopheles jeyponensis 
Anopheles maculatus 
Anopheles minimus 
Anopheles phitippmen- 

SIS . 

Anopheles alephcnst 
Anopheles sundaicua 
Homo sapiens 
Anopheles annularis 
Anopheles cuhcifactes . 


Scat 


Blood 

Blood 

Blood 


Blood. 

Blood 

Blood. 

Blood. 

Blood. 

Blood 

Blood 

Blood 

Blood 

Body 

Body 

Blood 

Blood 

Blood 

Blood 

Blood 

Blood 

Blood 

Blood 

Blood 

Blood 

Blood 

Blood. 

Blood. 

Body 

Body. 

Body. 

Body 

Body. 

Body 

Body, 

Body 

Body 

Body 

Blood. 

Body 

Body. 

Body 

Body 

Body, 

Body 

Body 

Body 

Body, 

Body 

Blood 

Body 

Body 
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Paraejte Host Seat 


PIamn>d%um malanes. . , . 

Anopheles fiumattlis .% 

Body. 


Anopheles Junestus . 

Body. 


Anopheles neuportensis 

Body 


Anopheles maeulatus 

Body 


Anopheles minimus 

Body 


Anopheles philippvnen- 

Body. 


Anopheles stephensi 

Body 


Anopheles sundaicus . 

Body 

Plasmodium oynomolgx 

Silenus inis 

Blood 

Stlenits rhesus . 

Blood 


Silenus simcua 

Blood 


Anopheles annularis , 

Sahvaiy glands. 


Anopheles culictfacies 

Salivary glands 


Anopheles maeulatus . 

Sahvary glands 

Plasmodium inui. . 

Anopheles sptendidus 

Sahvary glands 

Silenus trus . . 

Blood 


Silenus rhesus . 

Blood 

Plasmodium knowlesi . . 

Silenus tms 

Blood 


Silenus rhesus . 

Blood. 

Plasmodium Lochi 

Cercopithecus spp . 

Blood 

Plasmodium pithsci 

Simla satyrus 

Blood 

Plasmodium semnoptihscus 

Presbytes pilcatus 

Blood 


Pygadirix entellus 

Blood 


Silenus rhesus . 

Blood 

Plasmodium bubalis ... . 

Bos indicus 

Blood 


Bubaltts 6p 

Blood 

Plasmodium cams 

Cams familiarts . 

Blood 

Plasmodium egui . 

Eqmis caballus 

Blood 

Plasmodium machiei 

Myotis muncola 

Blood 

Plasmodium narayani 

Lutra lutra . . 

Blood. 

Plasmodium pteropi ... 

Pteropus medvus . . 

Blood 

Plasmodium ratufss 

Ratufa tndica 

Blood 

Plasmodium iyno 

manes pentadactyla . 

Blood 

Fam THEiiEEirD^ 

ThciUna ceUt . 

Macaeus pileatus 

Blood. 

TheiUna hirci . 

Capra hircus 

BIbod 

Theilena mutans . 

Bos indicus . 

Blood 

Thetlena parva .. 

Bos tndteus . . 

Blood 

Fom, BABESnua:. 

Babesia btgemtna ... 

Bos indtcus . . 

Blood. 

Babesia cabaUi. . 

Eguus caballus 

Blood 

Babesia cams ... 

Cams aureus 

Blood 


Cams familiarts 

Blood 

Babesia egui - . , 

RhxpxcejihalxiQ sangux- 
netw 

Blood 

Eguus caballus 

Blood 

Babesia Jelts . 

Felts sp 

Blood 

Babesia gibsont 

Cams aureits 

Blood 

Babesia motasi 

Cams famtltarts . 

Blood 

Owssp 

Blood 

Babesia ntnense . . ... 

Ennaceus sp 

Blood 

Babesia sergenit 

Capra hircus 

Blood 

Babesia sancxs . 

Cromdura casrulea 

Blood 

Babesia tropicus 

Elephant, camel, gm- 
nea pigs, fowls, and 
lizards 

Blood 
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SPOROZOA 


Paroaite 

Fam BABES^ID^ (corrjt.) 
Babesui i3p 
Bc^esra sp 
Bahema sp 

IkoEETS SEDI8 

Orahamella muns 
Qrahamella ep 
ParapJasma sp . 
Anaplasma sp 


Cnidospoeidia 
Myxospokidia 
Fam CEBAIOMYXIDiE 
Oeratomyxa gobiotdeei 


CMoromyxum amphinovi 
Fam SpPLERospoBiDiE 
Sphmrospora ep 

Fam Myxiditd^ 
Myxvdtum damlewskyi 
Myxidtum machzei 
Myzidium sp . 


ZschoLLdla prashadz 


Pam Myxobomus 
Mvxobolus calbasut 


Myxohohis nodtdans 
Myxobolus sp 

ThelohaneUus rohztx 
TTielohanellus aenx 

Henneguya ophtocephah 


Host 


Seat 


Axis axis . Blood 

Cyan duUiunenaia Blood 

Herpestes edviardn Blood 

Bat Blood 

Manes pcntadactyla Blood 

Homo sapiens Blood 

Bats Blood 

Ohttra tndica Blood 

Coluber blumehbachii Blood 

Hemidactylus brooki Blood 

Homo sapiens Blood 

Naja naja Blood 

Perea fluvtalths Blood 

Rana esculenfa Blood 

Rana tiortna Blood 


Oobioxdes mbicundus 
Maerones ffulto 
Trichogaster fasciatas 
Amphxpnous kitchia 

Banhus bama 


Livor, gall bladder 
kidiioy, ovary 
Liver, gall bladder, 
kidjioy, ovatj’ 
Liver, gall bladder, 
kidnoy, ovary 
Gall-blodder 


Under the scales 


Chinemys recvesix 
Trtonyx gangetxcus 
Olarxas balrachits 
Geoemyda trtjuga 
Kabhnga smxtbx 
Lxssemys punctata 
ffranosa 

Ophxocephalus punctatur 
Saccobranchus fossxlxs 
Bufo melaxxostxctus 
Zrtseemys punctata 
ffranosa 
Rana ttgnna 


Kidnoy 
Kidney 
Gall-bladder 
Gall-bladder 
Gall bladder 
Gall bladder 

Gall bladder 
Gall-bladder 
Gall bladder 
Gall-bladder 

Gall bladder 


Cxrrhxna mnaala , 

Clarxas batrachus . , 
Katla haUa 
Rasbora dantcontxis 
Rasbora danxconxus 

Labeo ronxta 
Labeo rohxta 

Ophxocephalus puncia 
tus 


Liver and gall- 
bladder 

Ovary and bvor 

Gills 

Muscles 

Subcutaneous tis- 
sue 

Gills 

Median and caudal 
dns 

Gills and muscles 
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Parasite 

Host 

Seat 

Hcnneguya otohthus 

Otolxihua macvlatus 

Bulbujs artenoeus 

Otohthus ruber 

Bulbus arteriosus. 

Micbosporidia 

Fam Nosematidje 

Nosema adiei 

Ctmex rolundaius 

Gut, saUvaty 
glands, and 
Ovanes 

Nosema bombyci.8 

Bombyx tnort 

All tissues 

Nostma denocejphah 

CUnoccphalus eanvs 

Digestive tract of 
larvffi 

Thclohanra %nd%ca 

Anopheles hyratxinua 

Adipose tissue of 
larv83 

Thelohanra Icgen 

Anopheles barbxrostns 

Adipose tissue of 
larv'iE 


Anopheles fuhginosus 

Adipose tissue of 


Anopheles Junes'us 

Adipose tissue of 
larva 


Anopheles hyracanus 

Adipose tissue of 
larvie 


Anopheles pseudojames% 

Adipose tissue of 


Anopheles ramsayi 

Adipose tissue of 
larvte 

Adipose tissue of 


Anopheles subpxctus 

Thdohanxa obscura 

Anopheles funestus 

Adipose tissue of 

Microspondian {tndet ') 

» Slegomyia sp 

ITerve cord of 
imago 

Nerve-cord of 
imago 

Microspondian (indet ) 

Ctiler fattgans , 

SABCOSPOKtDIA 

Fam Saecootstida' 

Sarcocyitie blanchardi 

Bos bubdlus 

Muscles 

Bos tndtcxis 

Heart-muscle 

Sarcocystte Imd^manm 

'Homo sapxsrvs 

Muscles 

Fam Globidid^ 

QloUndwm fusiformxs 

Bos xndxcus ^ 

Abmentary canal 

Qlobvitum sp 

Wallaby 

Alimentary canaL 

Hapixispoeidia 

Ikoeets: sews 

Rhtnospondiwn eeeben 

, Homo sapiens 

Nasal polypi 

Hhtnoevondium sp 

Homo sapiens 

Abscess cavitiea 

(u) LmI 

of Hosts arid tMtr Parasites * 

Host 

Parasite 

Seat 

&.x%a asna . 

Babesia sp 

Blood 

Bat . 

Anaplasma sp 

Blood 

Boe hxtbaltus 

Plasmodium bvbalxs 

Blood \ 


Sprcocystxs blanchardi 

Muscles 


* J'or Supplementary lost of Hosts and their Parasites recorded smca 
the above list was in type, see p 375 
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SPOEOZOA 


Host 

Mamwaija (cent ) 
Bos tndtetts 


Bos Bp 

Camslus sp 
Canxs aureus 


Cants familtana 


Cants ep 


Capra htrcua 

Cavia porceUus (?) 
Cercoptihccus sp , < 
Croetdura cssrulea . 
Cyan duhhensts 


ElepTtas ep 
Equus cabaUus 


Ennaceus sp 
Felts domesttcus 


Felts ep 


Funambtdus pennarUit 
Herpestes auropunctattis 
Herpestes edwardtt 
Homo sapiens . 


Parasite 

Plasmodtum btibahs . 
Thexlcrxa muians 
ThetUna parva . 
Babesxa btgemina . . 
Sarcocystts blanchardt 
Olobidtumfttstformts . 
Isospora sp - 
Etmeria sp 
Bahesta tropicus 
Hepatozoon cants 

Babesia cants . . 
Babesia gtbsoni 
Hepatozoon cants 

Toxoplasma cams 
Plasmodium cams 
Babesia cants 
Babesia gtbsoni ... . 
Isospora begemtna 


Thetlena hirct 
Babesia sergenit . 
Babesia tropicus . 
Plasmodium kocht 
Babesia sortcis . 
Hepatozoon cams 

Babesxa sp 
Babesxa tropicus 
Plasmodium egui . 
Babesxa cabalh 
Babesia equt , . 
Babesia nincnse . 

Isospora felts . . 

Isospora rtvoUa . . 

Hepatozoon felts 
domestxci 
Babesxa felts 
Hepatozoon funambult 
Isospora nvolia 
Babesxa sp . 

Isospora belli 
Btmerta clupcarum . . 
Eimerxa sardinse . 
Toxoplasjna (?) pyro- 
genes 

Lavemma malanse 
Plasmodtum malanss 
Plasmodium vtvax . . 
Paraplasma ep 
Anaplasma sp 
•Sarcocystts Itndemarpit 
Bhinosportdium seeder* 
Bhtnospondwm sp . 


Seat. 

Blood 

Blood 

Blood. 

Blood 

Heart muscle 
Alimentary canaL 
Alimentary canal 
Alimentary canaL 
Blood 

Internal organs 
and leucocytes 
Blood 
Blood 

Internal organa 
and leucocytes 
Blood 
Blood 
Blood 
Blood 

Subepitbelial tis* 
sues of the m- 
tostme '' 
Blood 
Blood 
Blood 
Blood. 

Blood 

Internal organs 
and leucocytes 
Blood 
Blood 
Blood. 

Blood 

Blood 

Blood 

Intestinal epithe- 
lium 

Intestinal opitho- 
liunr 

Leucoojdos 

Blood 

Leucocytes 

Caecum 

Blood 

Alimentary nanfd 
Ihtestme 
Alimentary canaL 
BloCd and spleen 

Blood 

Blood 

Blood 

Blood 

Blood 

Blood 

Nasal polypi 
Abcees oavitiea. 
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Host 

Parasite 

Seat 

Ltpus Bp 

Toxoplasma cnnicuh 

iuer, spleen, 
bone marrow, 
and heart-blood 

Lepus nxgncolUs 

HepaCozoon Icpons 

Blood 

Lutra luira 

Plasmodium narayani 

Blood 

Macacits pilcalxts 

Theilena celh 

Blood 

Manes pentadactyla . 

Plasmodium tyrio . < . 

Blood 

Grahamdla sp 

Blood 

MyoUs muncola . 

Plasmodium maeLiei 

Blood 

Gvts ep 

Eimena Jaurex . 

Intestme 

Babesia motas\ 

Blood 

Presbytes pxleatus 

Plasmodium semnopi- 
ihecus 

Blood 

Pleromys petaunsta 

Hcpatozoon sp 

Blood 

Pteropus mediua 

Plasmodium pteropi 

Blood. 

Pygathnx entelhis 

Plasmodium eemnopi- 
thccus 

Blood 

Ratius norvegtcus 

Hepatozoon murts 

Liver-cells and 
erythrocytes 

Rattus rufescens 

Hepalozobn muns 

Liver-cells and 
erythrocytes 

Rattus sp 

Grahamella muns. 

Blood 

Raiufa xndtca 

Plasmodium raiufie 

Blood 

Sciunts sp 

Wenyonella hoarct 

Intestmo 

Stlentts tms 

Plasmodium, cynomolgx 

Blood 


Plasmodium tnut 

Blood 


Plasmodium knoiclesi 

Blood 

Silenns rhesus 

Plasmodium cynomolgx 

Blood 


Plasmodium mux 

Blood 


Plasmodium knowlesx 

Blood 


Plasmodium semnopi- 
thecus 

Blood 


Sxlenus smicus 

Plasmodium cynomolgx 

Blood 

Simia satyrus 

Plasmodium pithesi 

Blood 

Tatena indica 

Hepatozoon gerbilli 

Erythrocy tea 

Vulpes bengalensis 

Hepatozoon cants 

Internal organs 
and leucocytes 

Wallaby 

Olobidtum sp 

Alimentary canal 

Aves 

jBgithina txphia 

Hsemoproteua (1) ®pi- 
thxmn 

Blood 

Axdemosyne malabarxca . 

FroSeosoma prsecox 

Blood 

Anas {Ftdigula) baen . 

Heemoproteus danxlew- 
skyx 

Hsemoproieus antxgone 

Blood 

Anthropotdes vxrgo 

Blood 

Anthus nchardt rufultts . 

Heemoproteus (?) anthx 

Blood 

Antigone antxgone 

Heemoproteus sp 

Blood 


Proteosoma sp 

Blood 

Astur badius dussumien 

Hsemoproteua aslun 

Blood 

Athene brama . 

Heemoproteus (?) ftram® 

Blood 


Leucocytozoon sp 

Blood 

Calcenas nicobanca , 

Hasmoproteus sp 

Blood 

Cenlropus sinensis parroti 

Heemoproteus (?) sp 

Blood 

Cerchneis linnuncidosus 
dbgurgatus 

Chloropsis aunfrons 

Hsemoproteus cerchnetsi 

Blood 

Hsemoproteua sp 

Blood 
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SPOBOZOA 


Host 

Aves (ccmi ) 

Chloropets aurtfrons dav^d- 
goni 

Columtxi Itvia 

Columba Itvia tnlermedta 
Columba sp 
Copsychus sauldns 

Coractas benghalcnns hzn- 
ghalensis 


Coracias benghalenets in* 
dica 

CoTvus levaiHanit macro- 
rhynchus 
Ccrrcua splcndens 

CoryUia berylhntts 

Cyanopa jla vtfrons 

Dtndrocttta rufa vagabunda 
Dtcrurus macrocercus macro 
cercxta 
Eagle 

EgrcUa trUermedta inter- 
media 

Elanua cosruleiis voctferus 
Elatbea jocosa 


Embenza fticata 
Falco Bp 
EvZtca atra 
GaUinvIa dtloropue 


GaUus gaUus 
Garrxslac dlbigularte 

Garrvla ''eacolophtis 
Garrulus lanceolatus 

Glareola praiincola 

Glauctdtum radtaium 
Gracula tndtea 
Gymnons xanthavollis 

Halcyon smymensis 

Hahaeetua teucorypTius 


parasite 

l/cucocytozoon chlarop- 
sidta 

Proteostma chtoropsiCM 
Toxoplasma colitmbse 
HterropTotcus calumbs: 
Etmcrta columbm 
Proteosoma cohmbs: 
Heemaprotcixs dantlcw 
sl.yt 

Proteosoma moruony 
Hsmoprotcus coracue 
Lettcocylozoon coracuc 

Leucoeytozoon melloi 

Hsemoproteus qj 

Hasmoprofeus corvttsi 

HmmoproUua corousx 
Proteosoma ep 
Hsemoprofeus sp 
Proteosoma sp 
Heemoproteua Bp 
Proteosoma sp 
Hasmoprotcits sp 
- Hsemoproleus (7) dicrttrt 

HepaCozoon adtet . 

Hsmoproteiis Tierodtadts 
Proteosoma herodtadts 
Hsemoproievs (7) elani 
Hasmoproteus (’) oto- 
compass 
Proteosoma sp 
Proteosoma sp 
Leucoeytozoon sp 
Toxoplasma juheae ■. . 
Haemoproteus (?) gallt- 
nttlse 

Proteosoma gaUtnuZss 
Babesia tropicus 
Hsemoprotdxs dantlcw- 
shyi 

Proteosoma sp 
Heemoproteus danUeva- 
skyi 

Hasmoproteus dandew- 
sTyi 

Hasmoproteus glauctdti 
Proteosoma ep 
Hasmoproteus gymno- 
rhidis 

Hasmoproteus (?) Jialcy- 
onis 

Hasmoproteus sp 


Seat- 


Blood 

Blood 

Leucocyte 

Blood, 

Interne 

Blood 

Blood 

Blood 

Blood 

Blood and smeaTB 
from lungs 
Blood and Einears 
from lungs 
Blood 

Blood 

Blood 

Blood 

Blood 

Blood 

Blood 

Blood 

Blood 

Blood 

Enngs and leuco- 
cytes 
Blood 
Blood 
Blood 
Blood 

Blood 

Blood 

Blood 

Lung 

Blood 

Blood 

Blood 

Blood 

Blood 

Blood- 

Blood- 

Blood. 

Blood 

Blood 

Blood 

Blood 
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Host 

lanthoctncJa mfogtilana , 
Kttiacincla macrouTa . 

Lcptocoma zeylomca 

Leiothnx lutcxia 

Jdadolophus xanthogenys 

Melophvs melamctenia 


Mesja argeniauris 

Nettapus coromanddianus 

Orcxcola fcrrea 
Ortolus onolu-a hundoo 
Orthotomua sutonua 
Otus bakkamotna 
Olus baklameena \ar 
malabanca 
Passer domesiicus 
Passer sp 
Pastor TOseus 

Pavo enstatus 
Peking robins 
Platalea Icucorodta major 

Propasser rhodochrous 

Prunella stropniatajerdoni 

Psxltacula alexandn Jasci- 
ata 

Saxicola caprata 

Strtx ocellata 
Stumia malabanca 
Stumxts vulgarus poltarat- 
skyi 

TepTirodomts pondiceTxanus 
pondxcenanus 
Thereiceryx zeylamcus tn- 
omata 

Thereiceryx zeylamcus zey- 
lanicus 

Tragopan satyra 
Turdotdes stnatus stnatus 
Turdus boulboul 
Vpupa epops onertiahs 

Reptiua 
Agama iubercidata 

Bungarus cosnileus 


Parasite 

Leucocytozoon sp 
Hicmoproteus danilew 
skyt 

Hsemoproteua raymundi 

Leucocytozoon sp 
Proteosoma sp 
Hsemoproteua machlo- 
tophi 

Hsemoptrofeua danileu:- 
alyi 

Proteosoma sp 
HeEmoproCeua danilew- 
akyi 

Hsemoproteua danilew- 
akyi 

Leucocytozoon sp 
Hsemoproteua ortoh 
Hsemoproteua isenyoni 
Hsemoproteua sp 
Hsemoprroteua dantlew- 
sLyi 

Proteosoma passena 
Toxoplasma sp 
Hsemoproteua (?) paa- 
tons 

Hsemoproteua nleyi 
Leucocytozoon sp 
Hsemoproteua (’) plata- 
lea: 

Hsemoproteua damlew- 
shyi 

Hsemoproteua damlew- 
skyi 

Hsemoprroteua sp 

Leucocytozoon sp . 
Toxoplasma sp 
Proteosoma sp 
Hsemoproteua sp 
Hssmoprroteua stumi 
Proteosoma pyrsecox 

HsemoproteuB{1)tephro- 

domta 

Hxmopyroteus (?) therex- 
cerycta 

Hsemoproteua (?) therei- 
cerycta var zeylomca 
Proteosoma prrsecosx 
Hsemojirotetia sp 
Proteosoma sp 
Hsemoprroteua uprupse 

Hsemogreganna thom- 
eom 

Hsemogreganna sp 


Seat 

Blood 

Blood 

Blood, lungs, 
spleen 
Blood 
Blood 
Blood 

Blood 

Blood 

Blood 

Blood 

Blood 

Blood 

Blood, lungs, bver. 
Blood. 

Blood 

Blood 

Blood 

Blood 

Blood 

Blood 

Blood 

Blood 

Blood 

Blood 

Blood 

Blood 

Blood. 

Blood 

Blood 

Blood 

Blood 

Blood 

Blood 

Blood. 

Blood 

Blood 

Blood 


Blood 


Blood 



32 


SPOKOZOA 


Host 

ReptHiIA. (cont ) 
Cdlotcs lerstcolcr 

Calotcs versicolor major 


Chincmys reevcsn 


Chiira iJidica 


Chrysopdia omata 
Coluber blumenbachit 
Coluber hclcna 
Coluber sp . 

Crocodil fs porostts 
Dcjidrophys picius 
Dtpsadomojphus ceyloncn- 

Dipsadbmorphus forslcntr 
Dryophis mycteruajis 
Eryx contcus 
Eryxjohnn 
Gatiahs qangettcus 


Geoemyda tnjuga 
He'mdactylus brooks 


Hcniidaciylus Jlai mridie 


H^’midactylus lescbcnaulli 


Hemidactylus tncdrvs 
Semtdactylus sp 
Kaebuga smtibt 
KaeJiuga tccium < 
Lissemya punctata granosa 


Parasite 

leospora cdlott 
Karydlysus jorget 


Hecmogrcgorina rara 
Hicmogreganna etepa- 
nou^sana 

Etmcria m\traria ^ > 

Myxtdium damlcj!skyi 
H&moproicus metchm 
koit 

Anaplasma sp 
Hteinogrcgarina sp 
Anaplasma sp 
Htvmogreganna sp . 
Ha.mogreganna sp 
fftCTnogreganna banktnt 
Hvmogregartna ep . 
Hxinogrcgarina sp 

IIs:7nogreaanna sp 
Hicmogrcgartna sp 
Hs.7nog~£tjarina cant/tci 
Hicmogregarina sp 
Ha.7nogrcganna ban 

kt7ll 

Etmcrta kermoiganh 
Hsemogreganna twcortse 
Myxidtttm sp 
HsemoarcgaTnna rodn- 
guesi 

H'smoprotcus kopk% 
Anaplasma sp . 
Isospora k7iowlcs7 
EiTT/eTvajftainvindts , 

Ettnerta bcmidactylt 
Eirnena ktioidesi 
Hfcmogrtgari na lesche7i- 
auUtt 

Hfc/noprotcus simondi 
nfotnogregarma ttedn 
Haemoproteus sp 
Isospora k-norrlcst 
Hs,77togr<ganna mesmh 
Hs:mogregarxna laver- 
am 

Hicmogrcgarr7ia mala 
banco 

Hsemogreganna moons; 
Hsemoyregantia vittats 
Hsemogreoa rtnasxn7€n 

Etmcrta Icgcrt 

Myxtdiutti sp 
Zschokkella prashadt 


Seat 

Intestinal epicne 
bum 

Blood, and endo 
tliebal cells of 
li\ er and lungs 
Blood 
Blood 

Intestme 

Kidney 

Blood 

Blood 

Blood 

Blood 

Blood 

Blood 

Blood 

Blood 

Blood 

Blood 

Blood 

Blood 

Blood 

Blood 



Gall bladder 
Blood 

Blood 

Blood 

Abmontary canal 
Gall-bladder and 
mtestmo 
Intestme 
Intestme 
Blood 

Blood 

Blood 

Blood 

Gall bladder 

Blood 

Blood 

Blood, bver, bone- 
marrow, oto 
Blood 
Blood 

Blood, lungs. 

spleen, liver 
Gall bladder and 
bile ducts 
Gall bladder 
Gall bladder 
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Host 

Parasite 

Seat 

Lizards 

Babesia tropicus 

Blood 

Naja bungams 

Hsemogregarina sp 

Blood 

Najh naja 

Htemogregarina najm 

Blood 

Hsemogreganna sp 

Blood 


Isopsorp mmuta 

Alimentary can.aU 


Eitnena ttajw 

Rectum 


Anaplasma sp 

Blood 

Naja naja var atra 

Hsemogreganna sp 

Blood 

Naja Bp 

Hsemogreganna sp 

Blood 

Natnx ptscaior 

Eimena cyltndnea 

Rectum 

Etmena ptscaion 

Rectum 

Python molurtis 

Hsemogreganna pylho- 

Blood 

Python sp 

Hsemogreganna sp 

Blood 

Pythonella bengalensts 

Intestmo 

Testuao emys 

Hsemogreganna testu- 

Blood 

Tnonyx gangelxcua 

dints 

Myxidtum macktet 

Kidney 

Tropidonotus aspemmus 

Hsemogreganna mira- 
blits 

Blood 

Troptdonotua piscator 

Hsemogreganna mira- 

Blood 

Tropidonotu-a etolatus 

Hsemogreganna sp 

Blood 

Varanus monitor 

Hsemogreganna sp 

Blood 

Vtpera russellti 

Hsemogergarina sp 

Blood 

Zaocys mucosics 

Hsemogreganna sp 

Blood 

Amphibia 

Bxtfo mdanosUctus 

Hsemogreganna nucleo 

Blood 

bisccans 

Isospora uenyont 

Small mtestme. 


Etmena laminata 

Small mtestme. 


Zschokkella prashadi 

Gall-bladder 

Rana csculenla 

Anaplasma sp 

Blood 

Rana hcxadaclyla 

Hsemogreganna berest- 
neffi 

Hsemogreganna berest- 

Blood 

Rana hmnacharis 

Blood 


neffi 

Hsemogreganna magna 

Blood 


Lankesterella monilata 

Blood 

Rana tigrina 

Hsemogreganna berest- 

Blood 

neffi. 

Hsemogreganna magna 

Blood 


Lankesterella minima 

Blood 


Lankesterella monilata 

Blood 


Anaplasma sp 

Blood 


Zschokkella prashadi 

Gall-bladdei 

PiSCHS 

/Etohalis narinart 

Eimena southweih 

Intestme 

Amphipnous kuchia 

Chloromyxum ampin - 

Gall-bladder 

Barihus bama 

nom 

Sphserospora sp 

Under the scales. 

Batrachus grunniens 

Etmena sp 

Intestme 

Cirrlnna mrigala 

Myxobolus calbasui 

Liver 

Clanas batrachus 

Myxobolus calbasiit 

Ovary and liver 


Myxiditim sp 

Gall bladder 

Coiha dussumieri 

Eimena sp 

Intestme 

SPOK 


B 
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Host 

Pisces {coni ) 
Engrauhs mystax 
Epinephchis diacanthue 
Eptnephelus tauvma 
Oobiotdcs ruhicundus 

Harpodon nehereuo 
Kada latUi 
Labeo rohtta 


Macronea gtiho 

Ophioccphalua punctatus 

Olohthue nther 

Plotofisus camus 
Rashora dantconnis 


Saccobmnchus fossilta 
Stllago aihama 
Thyraoidea macrurtia 

Trrehturtca eavala 
Trichogaeler fasaatiw 


Moleusca 
Pachclahra mocsira 

AnAOHNIDA 
Ladaps cchxdmnus 
Poroccphalus paUoni 
Ehiptcephalus sanguineus 

Insecta 

Acdes {Stegomyia) tvgypU 
Aedes {Stegomyia) albopic 

iUB 

Anopheles annularis 

Anopheles barbirostris 
Anopheles cuhci/acies 


Anopheles fiuvialilis 
Anopheles Juhqinosits 


Parasite 

Etmcrta sp 
Eunerta sp 
Etmcrta sp 
Ccratomyxa gobtotdcsi 

Eimerta harpodonx 
Myjcoholus sp 
Thclohancllus rohilm 
Thcllohanellua sent 

Ccratomyxa gobioidest 

7lenncguya sp 
Myxidmm sp 
Etmcrta sp 
Henneguya otohthus 
Etmcrta sp 
Myxobolus nodularis 
Myxoholua sp 

Myxtdtum sp 
Etmcrta sp 

Hicmogregartna thyraox- 
dca. 

Etmcrta sp 
Hasmogregartna sp 
Ccratomyxa gobtoulcst 


Adclea pachclebrre 


Hepatozoon muns 
Hasmogregartna sp 
Hepatozoon coin*? 


Lanl csterta cultcis 

Laicrania malartw 
Lankesterta ctdtcis 

Plasmodium cynomolgt 
Plasmodium malanrc 
Plasmodium t it'd 
Thelohanta Icgcrt 

Latcranta malarise 
Plasmodium vtvax 
Plasmodium vtalartm 
Plasmodtum cynomolgt 
Laverania malaria! 
Plasmodium vtvax 
Plasmodium malariie 
Thelohanta leqeri 


Scat 

Intestine 

Intestine 

Intestine 

Liver, gall bladder 
Icidnoy, ovary 
Alimentary canal 
Gills 
GilLs 

Median and caudal 
fins 

Lit er, gall bladder 
ludnoy, ovaiy 
GilLs and muscles 
Gall bladder 
Intestine 
Btilbua arteriosus 
Intestine 
Muscles 

SubcutanouB tis- 
sue 

Gall bladder 

Intestine 

Blood 

Intestine 

Blood 

Lit or, gall bladder 
kidney, ovary 

Intestine and di- 
gestive glands 

Body 

Body 

Bod> 


Stomach and Mai 
pighian tubes 
Body 

Stomacli and Mai 
pighian tubes 
Sain ary glands 
Body 
Body 

Adipose tissue of 
lartco 
Body 
Body 
Body 

Salivary glands 

Body 

Body 

Body 

Adipose tissue of 
larvao 
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Host 

Anophdes ftinesltta 


Anopheles hyracanus 

Anopheles jeyponensxs 
Anopheles maculcUus 

Anopheles tmmmus 

Anopheles phtltppinensts 

Anopheles pseudojamest 

Anopheles ramsayv 

Anopheles splendtdus 
Anopheles stephensi 

Anopheles sundatcus 

Anopheles snbptctus 

Aulacophora Joieicolhs 
Bombyx mon 
Ctmex rotundatus 

Ctenocephalus cants 
Ctdcx fattgans » 

Culex sp 
QryUxts sp 

Hwmaioptnus stephensi 
Hmmaioptnits sp 
Leptsma saccharina 

Phleboiomus argentipes 


Parasite 

Laveranta malarise 
Plasmodium malartsc 
Plasmodium vieax 
Thelohania Icgen 

Thelohania obscura 

Thelohania tndtea 

Thelohania legcri 

Laveranta malanec 
Plasmodtum malaria: 
Plasmodium vivax 
Laverama malaria: 
Plasmodtum malaria: 
Plasmodtum vtvax 
Plasmodtum cynomolgt 
Laverama malaria: 
Plasmodtum malaria: 
Plasmodtum vivax 
Laverama malaria: 
Plasmodtum malaria: 
Plasmodtum vivax 
Thelohania legert 

Thelohania legert 

Plasmodtum cynomolgt 
Latcranta malaria 
Plasmodtum malaria 
Plasmodtum vivax 
Laverama malaria 
Plasmodtum malart t 
Plasmodtum vivax 
Protcosoma pracox 
Thelohania legert 

Caulocephalus crenata 
Nosema bombycfs 
Nosema adtet 


Nosema ctenoccphali 

Protcosoma praxox 
Microspondian (indet ) 

Etmctia (’) sp 
Leidyana gryllorum 

Qregartna oviceps 

Hepatozoon gerbtllt 
Hepatozoon Junambuli 
Qregartna acioulata 
Qregartna corntvallt 
Lankesleria macktet 


Seat 

Body 

Body 

Body 

Adipose tissue of 
larval 

Adipose tissue of 
larva: 

Adipose tissue of 
larvBS 

Adipose tissue of 
larva: 

Body 

Body 

Body 

Body 

Body 

Body 

Salivary glands 

Body 

Body 

Body 

Body 

Body 

Body 

Adipose tissue of 
larva; 

Adipose tissue of 
larva: 

Salivary glands 

Body 

Body 

Body 

Body 

Body 

Body 

Body 

Adipose tissue of 
larva: 

Alimentary canal 
All tissues 
Gut, saliv^aiy 
glands, and 
ov aries 

Digestive tract of 
larvtE 
Body 

Nerve cord of 
imago 

Stomach cells 
Gizzard and mid 
gut 

Gizzard and mid* 
gut 
Body 
Body 
Mid-gut 
Mid gut 

Alimentary canal 
and hiemoccsle 
D 2 
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Host 

INSECTA {cant ) 
Phlebotomus papaiast 

Stegomyia sp 

Tnptroidesi doflcini 


Xylocopa eestimns 

Myhiopoda 
Combolopsia sp 

Cormocephalus denttpee 
Diplopoda sp 
Polydesmus sp 
Scolopcndra sp 
Slrongylo3oma contortipes 

ZiLadesinii3 C*) sp 

Crustacea 
Metaplax dentipes 
Parapeneopais eculptiUe 


CKiETOPODA 
POLyCHATTA 
lAtmbnconereis sp 
Morphysa sanguinea 

OLIOOCHiETA 
Allolobophora cahgmoea 
Alldlobophora fcetida 

Eiilyphonis Jovcattie 

Eutypho’ua incommcdus 

EutyphcBiis mclvolsoni 
Eutyphseus pegitanus 

Eulyphants ranis 

EulyphcBUS spmxUostis 

EvUyphams sp 

Megascolex tnldbatus 
Pheretima barbadensts 


Pherettma compta 


Parasiio 

Lanl-caierta mackxei 
Microspondian (xndet ) 
Lanl~estena tnpterodesx 


Lxedyana xylocopm 


Hyaloaponna combo 
lopsia 

Adeltna schellackt 
Slenophora elltpsoidt 
Hyaloaponna rayt 
Orebneckxella navxllfs 
Monodticltia lunatua 
Hyaloajyonna rayt 
Stenophora khagendrm 


Steinina melaplaxi 
ProtomagalhiEnaia 
(?) attenuaia 
HirmocyatiB (’) para- 
peneopai n 
Aggregala sp 


Lecudtna braatli 
Bhattella morphysre 
Ferrarta comucephah 

Phynchocyahs cognetti 
Nemalocystis plun- 
l aryosomata 
Atkinctocyslxa stngii- 
lans 

Nematocyslia etepJten- 
eont 

Monocyatis beddardt 
Axf-tnelocyatis atngu- 
Ians 

Atkinetocyaiis singu- 
lans 

All jnetocysUs atngu- 
lans 

MonocyeUs beddardt 
Dtrhynchocysfxa globosa 
Apolocyatta matthai 
N ematocyetis vermtcu- 
laris 

Stomatophora coronata 
Stornatophora dxadema 
NellocyaUs bimtanica 


Seat 

Alimentary canal 
and hmmocoBlo 
Norvo cord of 
imago 

Hsomococlo and 
respiratory sys- 
tem 

Gizzard and mid- 
gut 

Ahmontary canal 

Intostmo 
Mid gut 

Alimentary canal 
Intostmo 
Alimentary canal 
Alimentary canal- 
Mid gut 


Intostme 

Intestine 

Intostme 

Intestine 


Intostme 
Mid gut 
Slid gut 

Seminal \ esicles. 
Seminal vesicles 

Coelomic cavity 

Seminal vesicles 

Seminal \ esicles 
Coelomic cavity 

Coelomic cavity 

Coelomic cavity 

Semmal vesicles 
Seminal vesicles 
Semmal vesicles 
Seimnal vesicles 

Semmal vesicles 
Semmal vesicles 
Coelomic cavity 
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Host 

JPhen.tima elongata 


Pherettma hcterochszta 


Pherpiima postnuma 


HmUKDIKEA 
■OzabmruJiua ehiplet/t 

Gephybea 
Dcndrostotna ngmjer 


PoTflait-e. 

RhyrxcJiocyeiis airaiii, 
Rhynchocystis mamtl- 
lata 

SUtmatophora bulbtfera 
Ncmatocyslts hesen 
NcmatocyaUs lumin- 
coidea 

GrayaUta quadneptna 
Monocystis bertgolensia 
Monoct/stia Uotd\ 
Monocyatia pherUim-v 
Stomatophora diadcma 
Dirhynchocystisgldbosa 


Seat 

Seminal vesicles 
Seminal vesicles 

Seminal vesicles 
Seminal vesicles 
Seminal vesicles. 

Coslomic cavity 
Seminal \esicles 
Seminal vesicles 
Sommal vesicles 
Seminal vesicles 
Seminal vesicles 


Heemoffrcganna nicoT-uc Body 


ExtrcniocyaUs dendro- Coelomio cavity 
stomi 


Technique 

Methods for the examination and study of Protozoa are 
adequately dealt with in such ■works as I^owazek and JoUos 
(1921), Wenyon (1926), Hartmann (1928), Belaf (1928) 
■Gatenby and Cowdry (1928), Eoio-wles (1929) and Hegner 
and Andre'ws (1930) The pnncipal methods followed, m the 
study of the Spoeozoa are given here for the benefit of those 
takmg up the study of the group 

Examtnaiton in the Living Condition — It is always desirable 
to make observations on the livmg orgamsms m the first 
instance The specimens ate mostly studied m a drop of the 
natural medium or body-flmd of the host-ammal in which 
they are found Any pressure of the cover ‘glass might cause 
defonmties and this should be guarded against by mcludmg 
m the preparation small bits of detritus or a hair which 'wiU 
support the cover-glass If it is intended to contmue the 
observations for some length of time, ‘ cavity shdes ’ may be 
used The drop of fluid containmg the organisms should be 
put on a circular cover-glass, the margm of which is smeared 
with melted paraflSn or Czokor’s vvax, and the cover-glass 
mverted over the cavity This ■wdl fix the cover-glass to the 
shde and prevent evaporation The wax is made by heating 
together and mixing m a shallo'w tm pro'Vided -with a hd 
equal weights of bees-w'ax and Venetian turpentme The 
wax becomes a sohd mass when cool, and can be apphed 
by placmg the heated portion of a "wire on the "wax and then 
passmg it round the cover-glass or the slide To study the 
developmental stages and natural movements the shde should 
be k^t at the body temperature of the host when this is 
a warm-blooded animal 
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Oocvots of CoccxDiA escaping in fhe fiecss in an incomp^eVly 
develojgd condition may be oteerred to complete then" 
deTelopment, espedallr vrnen mixed isriili a 5 per cent 
solution of "bfeiiroinate of potash Ztlalaiial parasires -rrhen 
ohssrred as descnbed above tviE continue to develop for 
several hours, and the production of nieroroites can sometiinss 
be observed. Occasonally the removal of the blood from 
the Tertehrate host may indnce the development of stages 
vrhich normally take place inside the body of an Invertebrate 
host . thus the production of gametes from the gametonyves 
fertiLzationj and the development of ookinetes may be folloved 
m a drop of blood enclosed betvreen a shde and a cover-glass. 
Ihiriiig the obserratiQiis the cover-glass may be removed and 
permanent preparations made shovring piticular stages of 
development 

Tflien the body-fimd contain!^ the parasites is too small m 
amount to make a suitable preparafion. physiological salt 
solution (0 7 per cent solution of sodium chlonde in distiiied 
vrater for cold-Vooded animals and 0 So or 0 9 per cent 
solution for ivarm-hlooded animals) or Ringer s sointion may 
be added. Rmger s solution consists of sodium chlorida 
0 S grm potassmm chlonde 0*02 grm , caldum cdiionde 
0 02 grm sodium bicarbonate 0 02 erm distilled trater 
100 cc 

IrJ^-Viiam Sialntrg — ^Examination of the livmg organisms 
IS facilitated by tni-a-vifam staining different parts of the 
oiga msm or its contents being coloured 'snthout kiUmg the 
animal or affecting its movements For this purpose neutral 
red or methylene blue are used in very dilute solutions 
(1 m 10,000) A drop of the stam may be aHotved to dry 
on the shde and the fluid containing the organisms be placed 
^6 area and covered vrith a cover-glass The stains are 
sloTviy absorbed by the parasites 2\entral red a^nmes 
a bright cherry-red colour m acid and a brotvn colour in 
alkalme media and thus serves to indicate the reaction of the 
substance vrhich it stains 

Eosm is used^ as an mdicator of the hfe or death of an 
oi^msm It Trill not stain living cytoplasm and by running 
a dilute solution under the cover-glass the hving organisms 
can be distmguished from those that are dead 

C uliivaiion -Various methods have been adopted to provide 
f^ourable conditions of growth and multiphcation, so as to 
afford large numbers of a particular organism outside the body 
of the host for extensive study or for the purposes of a cla-ss 
h«o artificial medium has so far been discovered m which 
Geegabxsxda or Coccidia will grow • hut various methods 
iisxB proved successful for the cultavation of hlood-mhabitiiig 
parasites, as the malanel parasites aud the Puoplasmids. 
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These ctdtures are incuhated at 37° to 40° C , and the forms 
which appear are those which normally occur m the Vertebrate 
host Bass and Johns (1912) were the first to succeed m 
cultivating malanal parasites Theur methods, with slight 
modifications, were successfullj’’ followed by Ziemann (1913, 
1914), J G & D Thomson, (1913), Row (1917), Smton (1922), 
and others Knuth and Richters (1913), Ziemann (1913, 
1914), and Thomson and Fantham (1914) were the first te 
apply these methods to the Puroplasmids The techmque of 
some of these methods is given below — 

Bass and J ohna^s Method — ^Withdraw 10 c c of malanal blood 
firom a vem with a synnge, and transfer immediately to a de- 
jfeibmatmg flask contammg 0 1 c c of 50 per cent solution of 
dextrose Defibrmate by stuxmg with a glass rod Transfer 
the defibrmated dextrose blood to culture-tubes not less than 
1 25 cm m diameter and 12 5 cm m depth The quantity 
of blood m each tube may vary m depth from 2 5 to 5 cm , 
which will give a column of serum 1 25 to 2 5 cm deep above 
the cells, when they have settled to the bottom of the tube 
Incubate the tubes m the vertical position at a temperature 
of 40° C The parasites hve and develop m the red blood- 
corpuscles just below the surface of the deposit Carefully 
withdraw the cells firom this layer by means of a fine pipette 
and exanune at mtervals The young trophozoites wdl be seen 
to grow into schizonts and break up mto merozoites Some 
of these may enter other corpuscles and grow mto schizonts, 
but as a rule those escapmg from the corpuscles are devoured 
by the leucocytes To remove the leucocytes centrifuge 
the defibrinated glucose blood at a speed sufficient to cause the 
leucocytes to occupy the upper layer of the deposit Transfer 
the supernatant serum to flat-bottomed culture -tubes, filling 
to a depth of 1 25 to 2 5 cm Pass a pipette mto the middle 
of the deposit m the centnfuge-tube, draw off the red corpuscles 
with the parasites, and transfer them to the bottom of the 
culture-tubes In this vay, m the absence of the leucocytes, 
the parasites may complete two or three cycles , but it has not 
been found possible to cultivate them for more than three 
generations For makmg subcultures, take normal blood, 
treat it m the same manner, and moculate it by means of 
a pipette with infected blood from "the previous culture 

Row (1917) and Smton (1922) have devised modifications 
by which the growth of a smgle generation can be followed with 
a few drops of blood 

Bow’s Method — ^Draw the blood from the finger mto a small 
tube and defibrmate it m the same Transfer the small 
quantity of defibrmated blood by means of a pipette to a small, 
flat-bottomed tube contammg serum to which the requisite 
quantity of dextrose has been added Place the small tube 
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an a larger tube (the ordanarj bacteriological potato-tube) 
provided mth a constriction on Mhich the smaller tube may- 
rest In the portiqn of the outer tube beloiv the constriction 
put some solution of pjTogallic acid and add 2 or 3 c c of 
■a 10 per cent solution of sodium hydrate immediately before 
mtroducmg the smaller tube CJork the larger tube tightly 
"tnth a rubber cork The pyrogalhc acid and sodium hydrate 
absorb the oxygen, and the culture thus takes place in an 
oxygen-fiee atmosphere 

Sinton’s MetTiod — specially constructed tube about 20 cm 
in length is employed (fig 2) To prepare this apparatus, 
take a tube of 0 4 to 0 5 cm bore Ilraw out one end as in 
an ordinary pipette and slipping a narrow metal tube over 
the thin drawn-out portion while it is still soft, press upwards 
to produce a dilated bulb with its lower surface flattened (B) 
and with the thin drawn-out tube arising from it (A) Now 
heat the tube a short distance, about 1 cm , above the flattened 
surface and draw out till it forms a tube about 6 to 8 cm 
long and 0 2 cm wude (C) At the upper end of this narrow 
tube make a ahght constriction (D), and about 0 4 to 0 5 cm 
above it make another (E) Drop three glass beads (F) 
mto the upper part of the tube (G), winch is allowed to remain 
wider in diameter, and then draw out and bend as m a Wright’s 
capsule (H) Keep the upper and lower drawn-out ends sealed 
and sterilize the whole tube 

To make the culture, open the tube at both ends, and bend 
the upper capiUarj' portion at right angles to the rest so that 
the apparatus may he on the table ■\vith the open upper end 
pomtmg upwards Insert the upper end into an nlreadj'- 
prepared Wngbt’s capsule containing ascitic or hydrocoele 
flmd, to which the requisite quantity of dextrose has been added, 
and allow the fluid to enter till the upper section is about a third 
or half full Prick the carefully stenhzed finger of a malarial 
allow five to ten drops of blood to run into 
the fluid m the tube Now gently heat the dilated part of the 
lo^r end of the tube and seal off the narrow part below it 
Ume air m the dilated part wall cool and the blood-mixture will 
be drawm fi^ther mto the tube Now seal off the upper end 
also Defibrinate the mixture by shakmg the glass beads, 
and when this has been completed, swing roimd the tube 
rapidly so as to drive the defibnnated blood-imxture through 

lowermost part of the tube, so that 
Tj dilated part and the narrow section above it 

H^t the ^be at the constriction above the column of fluid 
and seal off The red corpuscles wall settle to the flat bottom 
Incubate the tube in a vertical position at a temperature 
of 35 to 38° C In order to examine, open the tube, wrthdraw 
by a pipette the cells from the low er end, and seal agam 
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Mamtenance of Paraaihc Protozoa tn Laboratory Animals — 
In a laboratory strains of parasitic Protozoa may be mam- 
tamed m smtable animals which have been found by previous 
exaipmation not to harbour natural parasites of their own 
This method serves the same purpose as cultivation, and it is 
easier to mamtam a stram m an animal host than m a culture 
Blood parasites, such as the malanal parasites and the piro- 
plasmata, can be mtroduced by moculatmg the blood from 
an infected to a clean host, and parasites that pass out m the 



Fig 2 — Smton’s apparatus for cultivation of malarial parasites m 
a small quantity of blood The small Wnght’s capsule 
shown on the n^t contains the ascitic or hydrocoele fluid 
(After Smton ) 

encysted condition, such as CtocciDiA, can be mixed with the 
food and allowed to be mgested The practice has been 
particularly successful m certain special cases 
The malanal parasites of birds can be maintained for a long 
time m canaries, sparrows, and other susceptible birds by 
moculatmg blood from the one to the other Some birds 
acquire heavy and fatal infections and others mild ones from 
■which they recover The piroplasmata of dogs are readily 
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inoculable from one dog to another, out as tata! infections 
are often obtamedj a number of ammals mil be required 
Ticks fed on a dog will remam infective for long periods, and 
the parasites can thus bo maintamed in them Strains of 
Hssmoproteus colunibrn can be mamtained in pigeons by 
breeding Lynchia maura in the cages in which they are kept 
A fresh pigeon is introduced mto the cage from time to time 
to hand over the infection from flj’' to fly Toxoplasma gondtt 
18 also moculable to a variety of laboratory ammals 

Permanent Preparations of Fixed and Stained Protozoa — 
Although it IS important to study the living orgamsms in the 
first instance, the finer details of structure can only be studied 
in properly feed and stamed smears or films Some of the 
methods of general apphcation are described below 

Staining under the Cover-slip — For staining large organisms, 
such as the Gregarmes, the foUowmg method is used — 

Put wax feet at the comers of a square cover>slip, and im'crt 
it over a drop of the flmd contammg the organisms The ax 
feet should hold the cover-shp firmly to the shde With 
a pipette run a httle fixative at one side of the cover-shp, and 
draw it through by holdmg a piece of filter-paper at the opposite 
side When the fixative has had time to act, wash it out by 
aubstitutmg another fluid (alcohol or water, as the case maybe) 
and draw it through with filter-paper in the same manner 
The stream should not bo so violent as to wash away the 
organisms, but the substitution should be complete Then 
run m the stain, allow it to act, and wash out and differentiate, 
if necessary controlhng the process under the microscope 
Dehydrate and then clear m clove oil or xylol, and run in a very 
fluid Canada balsam It is very important to see that the trans- 
fer from one fluid to another is not too rapid, as othennse 
there is great risk of shrinkage, and also to see that the dehydra- 
tion 18 complete 

The followmg is an mdication of the length of time generally 
required, but should be regarded as no more than an indication 
Fix m Bourn’s fluid, 5 mm , wash in 70 per cent alcohol, 
5 mm (several changes) , stam in borax-carmine, 5 nun or 
more , dehydrate with 70 per cent , 90 per cent , and absolute 
alcohol, 6 mm each, changmg the absolute alcohol once or 
twuce , clear by runnmg in a mixture of clove-oil and absolute 
alcohol and then pure clove-oil , mount m Canada balsam 
by runnmg the same under the cover-shp 
Preparation of Wet Fixed Films — ^Pilms made on shdes or 
cover-shps may be feed wnth one of the fixing fluids, wnthoqt 
bemg allowed to dry After fixation the films are washed 
free of fixative, and stamed and mounted like sections fixed 
on shdes The results shoivn by wet fixed films are far 
supbnor to those shown by dried films, described later If the 
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matenal to be examined is thick, it should be emulsified with 
_physiological salt solution In the case of blood, flmd from 
blood or serum culture media, tissues, feces, m fact any 
hqmd contauung albununous matter, the film wiU stick to 
the shde or the cover-shp durmg the processes of fixation and 
stainmg The usual fixatives and stams are described here- 
after 

Staining the Organisms fixed on a Cover-shp — 'Make a number 
of smears of the fluid contauung the orgamsms on cover-shps, 
and nhen the flmd has partially dried, mvert the cover-shps 
and let them float on the surface of the fixative contamed m 
a dish , or put a small drop of flmd contauung the orgamsm 
on a cover-shp and add with a pipette twice the quantity 
of hot fixative When the orgamsms have been fixed on the 
cover-shps, pass successively through the washmg fluid, 
alcohols, stam, cleanng-flmd, etc , all these reagents bemg 
contamed m shallow <fehes In aU these subsequent stages 
put the cover-shps at the bottom of the fluid m the dish, 
with the face bearmg the orgamsms upwards Fmally, 
remove the cover-shps and put them, face downwards, on 
shdes on each of which a drop of Canada balsam has been 
put In this way qmte a large number of smears or preparations 
can be fixed and stamed m practically the same time as would 
be taken to make one preparation 

Fixatives — ^The following are commonly employed for fixmg 
the Pkotozoa — 

(1) Concentrated solution of mercuric chloride, hot or 
cold (2) Schaudinn’s sCLbhmate alcohol (2 parts saturated 
aqueous solution of mercunc chloride, 1 part absolute alcohol , 
immediately before use, add acetic acid to the quantity to 
be used to the strength of 6 per cent ) (3) ZerJker’s flmd 

(mercuric chloride 5 grm , potassium bichromate 2 5 grm , 
sodium sulphate I grm m 100 c c of distilled water, with 
2 5 to 5 per cent of glacial acetic acid added before use) 
(4) Bourn's flmd (saturated aqueous solution of picnc acid 
75 parts, formol 25 parts, and acetic acid 5 parts) (5) Bourn’s 
alcohohc fixative (picnc acid 1 grm , 80 per cent alcohol 
150 c c , formol 60 c c , acetic acid 15 c c ) (6) formahn 

and (7) vapour of 4 per cent solution of osmic acid Fixation 
is usually complete m 15 to 30 mmutes 

Bourn’s fixatives are the simplest to use, as the picnc acid 
IS more easily washed out after fixation than the mercunc 
chlonde contamed m the others After Bourn’s fixative, 
(vash the films m several changes of distilled water till all the 
picnc acid has been removed In the case of alcohohc Bourn, 
if an aqueous stam is to be used, commence washmg m 
70 per cent alcohol and, passmg the film through graded 
alcohols, brmg down to distilled water After Schaudinn’s 
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fluid, -wasli in several changes of 70 per cent alcohol to remove 
the mercuric chloride , then wash m 70 per cent alcohol to 
Tvhich a few drops of Wiegert’s lodme solution have been 
added, finally, vash m 70 per cent alcohol to which a drop 
of 1 per cent solution of sodium thiosulphate has been added, 
m order to remove all traces of iodine Bring down through 
successive grades of alcohol mto distilled water if it is desired 
to use a watery stam , a stay of a few minutes m each solution 
will suffice .Adter fixation with Zenker’s flmd, wash successively 
with distilled water, distilled water with a few drops of lodme 
solution, distilled water with a trace of 1 per cent solution 
of sodium thiosulphate, and distilled water 

Staining Methods — ^The foliowmg stains arc usually empioved 
for staining Protozoa — 

Borax-carmine — -Fix m Bourn’s fluid for 10 to 20 mmutes 
accordmg to bulk and permeability Wash out m 70 per cent 
alcohol (several changes) Stam m borax- carmine till 
thoroughly penetrated , 15 nunutes are usually enough 

for small objects Differentiate in acid alcohol (70 jier cent 
alcohol to which hydrochloric acid is added to the strength 
of 1 per cent ), controlling under the microscope Dehydrate 
m 90 per cent to absolute alcohol Put m a mixture of clove- 
oil and absolute alcohol, equal parts After a few mmutes 
transfer to pure clove-oil, and leave there till cleared Mount 
m Canada balsam 

DeJafieWs Hsamatoxglin — ^Fix m Schaudinn’s fluid Wash 
m 30 per cent alcohol, and bring down tliroiigh 10 per cent 
alcohol to distilled water Add a few drops of Dclafield’s 
hffimatoxyhn solution to a watch-glass full of distilled water 
Leave in stain for a few imnutes to an hour or more accordmg 
to hulk Bring up from distilled water through ascending 
^ades of alcohol to 70 per cent alcohol , differentiate m 
70 per cent acid alcohol Dehydrate, clear, mount 

Heidenhain' 8 Iron Hasmaioxylin — h\x m Schaudinn’s flmd 
for 10 to 30 minutes, accordmg to the size and pcrmeabihty 
of the objTOt Brmg down to 30 per cent and 10 per cent 
^cohen to-distiUed water Wash out the fixative thoroughly 
Iransfer to 4 per cent solution of the violet crjratala of iron 
alum (sulphate of iron and ammomum) m distilled water for 
t hour to 12 hours accordmg to the size of the orgamsms 
otem m Heidenham’s aqueous hsematoxylin solution (about 
0 5 per cent ) for 30 minutes to several hours Wash pi distilled 
water. Differentiate m 1 per cent iron alum solution till 
the granules iq the nuclei are distmct, the films being removed 
mto distilled water and exammed on a. shde TPith the micro- 
sco^ firom time to tune When differentiation is complete, 
wash in several changes of distilled water and then for hfilf 
an hour or more in running tap-water Counterstam, if 
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desired, with a 1 per cent solntion of eosin or orange 6 
Dehydrate by bringing through graded alcohols to absolute 
alcohol Clear in xylol Mount m Canada balsam 

Dobdl’s Iron Hsemalein — Fix m Schaudinn’s fluid Bring 
down through 30 per cent and 10 per cent alcohol to distilled 
water. After washing, brmg up through various grades of 
alcohol to 70 per cent , and from that transfer to I per cent 
solution of iron alum m 70 per cent alcohol for 10 mmutes 
(the solution is made by dissolving 1 grm iron alum in 23 c Ci 
warm distilled water and adding 77 c c of 90 jier cent alcohol) 
Rinse m 70 per cent alcohol Stam in 1 per cent solution 
of hsematem m 70 per cent alcohol for 10 minutes Rinse 
m 70 per cent alcohol Differentiate films m ongmal alum 
solution and sections m 70 per cent acid alcohol Wash in 
several changes of 70 per cent alcohol Dehydrate , clear , 
mount The whole process may be carried out m 30 mmutes. 
Light green m 90 per cent alcohol may be used as a counter- 
stam 

Mayer's Hsemalum — To prepare the stam dissolve 1 grm. 
of haematm m 50 c c of 90 per cent alcohol, dissolve 50 gnns. 
of alum m 1000 c c of water, and mix up the two solutions 
Keep a crystal of thymol m the bottle to prevent growth 
of fungi, etc 

When usmg the stam, add a few drops of the stam to a Petri 
dish of distilled water, and leave the films m for several hours 
or overmght Wash the films m r unning tap-water till they 
are qmte blue Dehydrate by bringmg up though various 
grades of alcohol to absolute alcohol Clear m xylol and 
mount m Canada balsam 

Mayer’s Aad Hssmalum — This stram is prepared from 
Mayer’s hsemalum by addmg acetic acid to a strength of 
2 per cent It is used m the same manner, but has less 
tendency to overstam 

If overstammg occurs with either ot the above stains, 
place the films m acid alcohol After they are decolorized, 
wash the fi lms well m runiung water till the acid is completely 
neutralized and they are blue 

MaUory’s Eosin and Methylene Blue — ^This is recommended 
for sections of tissues contaiiung parasites Fix m Zenker’s 
flmd Wash out the fixative m runnmg water for several 
hours Stam m warm 5 per cent aqueous solution of eosm 
for 20 mmutes or longer, wash m water, and stam m Urma’s 
alkahne methylene-blue solution diluted with 4 or 5 parts of 
water for 10 to 16 mmutes Wash m water, differentiate in 
95 per cent alcohol, controlling under a microscope, until 
sections are pmkish but nuclei deep blue Dehydrate qmckly 
and mount 

MaBory's Triple Stain — This is also recommended for 
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sections 3?ix in Zenker’s fluid Thoroughly -wash out thi, 
fixative for several hours in gently running water Stain 
sections in 0 6 per cent aqueous solution of acid fuchsin for 

2 to 4 minutes, and transfer to the second solution (consisting 
of anilme blue soluble in water (Grubler)- 0 6 grm , orange G 
(Grubler) 2 grm , 1 per cent aqueous solution of phosphomo- 
lybdic acid 100 c c ) for 10 to 20 minutes or longer Wash 
and difierentiate the sections in tap-water, dehydrate rapidly, 
clear, and mount Lund (1933) recommends Zenker’s fluid 
with 2 6 per cent acetic acid, staming the sections for 2 mmutes 
in Mallory No 1 and 1 mmute m Mallory No 11, then dipping 
rapidly mto 95 per cent and absolute alcohol, blottmg quickly 
between each change, and then clearing m xylol for about 

3 mmutes 

Preparaiton of Dried Films on Slides — ^lyrns of blood, in- 
testmal contents or other flmds containing parasites are usually 
made for diagnostic purposes Films of sohd organs, such 
as the hver or the spleen, are made by smearmg a piece of the 
organ hghtly across the slide or dabbmg the shde with the 
freshly-cut surface The film is dried as rapidly as possible 
by waving it in the air Distortion and dismtegration of the 
parasites may take place m the process of makmg the films 
and subsequent drymg , to avoid this expose the film to 
osmic acid vapour for ten to fifteen seconds before allowing 
it to dry 

Thin Blood-films — ^To make blood-films take perfectly clean 
glass-slides, free from any trace of grease, and lay them flat 
on a clean piece of paper Stenhze a needle m the flame, 
and pnck the dorsum of a finger just below the root of the nail 
Pick up one of the clean shdes, mvert it, and towards one end 
just brmg it m contact with the oozmg blood Too large 
a drop must not be taken Be-mvert the slide on the table 
and, takmg another slide, ivith a smooth even edge as a spreader 
hold m at an angle of 45°, touchmg the drop so that a thm 
film of blood runs between the edge of the spreader and the 
slide When the blood has spread along the edge, push the 
spreader fairly rapidly toward the other end The blood must 
follow the spreader and not be pushed before it A thm 
film will result covering about one-half of the shde Allow 
the fi l p a to dry m an, covering it, if necessary, with a Petn 
dish to protect it from flies, dust, etc In monsoon w'eather 
haemolysis may take place before the film has time to dry, 
and at such times the film should bo held, as soon as made, 
over a spmt-lamp flame to dry Films are usually stamed 
by one of the modifications of Itomanowsky’s stam 

Staining the Dried Blood-films — ^The films, as prepared 
above, may be stamed with the ongmal Romanowsky’s stam, 
or with one of the many modifications, such as Leishman’s 
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stain or Giemsa’s stain The action of all such stains depends 
on certain loose chemical combmations Medicmal (not 
pure) methylene-blue contams a number of oxidation products, 
the most important of which is methylene-azur When watery 
or alcohohc solutions of methylene-blue and of eosm are mixed 
together a senes of loosely combmed chemical bodies are formed 
These different compounds possess different afifimties for 
different cell-structures, and thus differential stauung results. 
The red blood-corpuscles stam a transparent pink or orange 
colour , the nuclei of leucocystes, shades of violet , eosmophile 
granules m the coarsely granular leucocytes, red , the cyto- 
plasm of malana and other blood-inhabitmg protozoal parasites 
a bnght “ Cambndge ” blue, and their chromatin a bright 
ruby-red 

The Original Momanowshy'^ Stain — ^In large laboratones the 
ongmal Romanowsky’s stam is still employed, as it is more 
economical than Leishman or Giemsa Two stock solutions are 
needed For preparmg SohUwn A take medicmal (not pure) 
methylene-blue 1 grm , pure sodium carbonate 0 5 grm , 
distdled water 100 c c , dissolve and place the stam either m 
the 37° C mcubator or m full sun-hght for 2 or 3 days The 
solution should acquire a deep purple colour before it is ready 
for use For Solution B, dissolve eosm, extra B A , water 
soluble 0 1 grm m 100 c c of distilled water 

Fix the film for 6 nunutes m methyl alcohol, or for 10 min utes 
m ordmary alcohol Wash with <hstilled water and transfer 
to a clear Petn dish Dilute 1 part of solution A with 19 parts 
of distilled water Similarly dilute 1 part of solution B with 
19 parts of distilled water Mix equal parts of the diluted 
solutions A and B, and pour the mixed stam, immediately 
after mixing, mto the Petn dish to cover the shde Stam for 
half an hour or longer On tiltmg the Petn dish a red stam 
should be seen at the edge, which will mdicate that the 
stauung IS proceedmg properly Wash off the stam with 
distilled water and differentiate m a bath of distilled water 
When the film commences to turn pmk, remove from the 
bath and allow it to dry by slantmg it agamst a vertical 
surface 

Leishman' s Stain — To prepare the stain thoroughly clean 
a glass (not porcelam) pestle and mortar and rmse out the 
mortar with a httle pure methyl alcohol Weigh out 0 15 grm 
of Leishman’s stam powder (Merck’s or Grubler’s) Measure 
mto a perfectly clean glass cyhnder 100 c c of methyl alcohol, 
punssunum, acetone-free (Merck’s) Add a httle of the alcohol 
to the stam m the mortar and grmd Add more alcohol and 
gnnd Dram off the dissolved stam mto a stoppered bottle 
Contmue to add the alcohol m portions and grmd until every 
particle of the stam has gone mto solution, and use the full 
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100 crc of methyl alcohol Next npen the stam by placing 
the bottle of stam overnight (but not longer) m the 37° C 
mcubator 

In order to stam, lay the blood-film, film side upwards, on 
a stammg rack Drop the stam on to the shde until the 
whole surface is covered with the stam The methyl alcohol 
m the stam fixes the film This takes half a minute only , 
after that interval drop on to the shde double the number of 
•drops of pure distilled water By tiltmg the end of the shde 
allow the water and stam to mix thoroughly! and allow the stam 
to act for 5 mmutes or more Wash the stam oflf by immersmg 
the shde m distalled water Put the shde to soak m a dean 
Petn dish contammg fresh distilled water and rock gently 
The film turns at first greenish-blue, then pmk This takes 
about half a mmute or less When the film is just tummg 
pmk remove the shde and lean it agamst a vertical surface 
to diy 

Otemsa’s Stain — To prepare the stam grind m a glass mortar 
with a glass pestle 3 grm of azur-H-eosm and 0 8 grm of 
azur-H (Grubler’s or Merck’s) mto thorough solution m 250 c c 
of the purest anhydrous glycerme Add 250 c c of the purest 
acetone-fi'ee methyl alcohol and mix thoroughly Allow to 
stand overnight and next day filter the stam through filter 
paper Prepared Giemsa’s stam is stocked by many firms, 
and IS also supphed by the Central Research Institute, Kasauli. 

Fix the film by covermg it for 3 to 6 mmutOs with pure 
methyl alcohol or by dippmg it for 10 mmutes mto absolute 
alcohol, and wash thoroughly m distified water Dilute 
1 part of Giemsa’s stam with 14 parts of distilled water 
(10 or 15 drops m as many c c of distilled water), and pour 
it over the shde placed in a Petn dish Stam for half an hour 
or longer Remove the shde, flush with distilled water, and 
put it m a bath of firesh distiUed water until it commences to 
turn pmk Remove the shde and let it dry by leanmg it 
agamst a vertical surface 

The. Parwphc Method of Staining — ^Lay the shde on a stam- 
ing rack and cover it for half a, mmute with undiluted Leish- 
man’s stam , dilute the stam with double the number of drops 
of distilled water, and allow to stam for 5 or 10 mmutes 
Wj^h the film with distilled water Then lay the shde m 
a Petn dish and flood with diluted Giemsa’s stam, one drop to 
each c c of water Stam for 1 to 24 hours, covermg the 
Petn dish to prevent evaporation Wash the film with disfaUed 
water and transfer it to a bath of 1 m 1000 acetic acid When 
the film begms to turn pmk, remove, wash rapidly with dis- 
tilled water, and slant the shde agamst a vertical surface to dry 

A more rapid alternative method is as follows — Cover the 
film with undiluted Leishnian’s stam for half a mmute- 
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dilute the stam with double the volume of diluted Giemsa’s 
stam, one drop to each c o of water, and mis thoroughly 
Differentiate m distilled water, as m the case of Leishman’s 
stam 

ThtcL Blood-films — The thick film method is specially 
apphcable to those cases m which the patient has already taken 
a small dose of quinme and the malarial parasites are apt to 
be missed m thin alms Knowles (1928) recommends taking 
three thm films and one thick one fipom every suspected case 
of malaria The thin films are stamed and esammed whilst 
the thick film is drymg, and if no parasites are detected m the 
thm films the thick film may be proceeded with Knowles 
and Das-Gupta (1924 a) advocate the folio wmg method for 
preparmg thiclrfilms — ^Take a perfectly clean shde, pnck the 
patients finger, and brmg the slide mto contact with the 
issumg blood so that four drops are placed at the comers of 
a small square about half an mch across The drops should 
not be too large nor too small With a round needle pool 
the four drops so as to spread the film mto an even thick film 
covenng the half-mch square Puddhng should be avoided 
and the film must not be made too thick The film should be 
kept covered, and wiU take about two hours to dry Lay the 
shde on a staming rack and dehsemoglobmize the film by 
gently floodmg the shde with a mixture of 2 5 per cent 
solution m distilled water of glacial acetic acid, 4 parts, and 
2 per cent solution m distdled water of crystalhne tartanc 
acid, ] part The dehsemoglobmized film should have a grey- 
white colour As soon as the process is complete dram off 
the fluid by gently tilting the shde Next flood the shde with 
methyl alcohol and allow it to remain on for 3 to 4 mmutes 
Dram off the methyl alcohol and wash the film thoroughly m 
distiUed water so as to remove every trace of acid Stam with 
diluted Giemsa’s staan, one drop to each c c of water, for 
15 mmutes or longer Differentiate m the usual way with 
distilled water Do not blot the film, but let it dry by 
slantmg it agamst a vertical surface 
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Phylum PROTOZOA. 


Class SPOROZOA Leuckart, 1879. 


Protozoa Tvhicli arc exclusively parasitic m their mode of 
life, and live m the cells or body of Vertebrate or Inverte- 

brate hosts They produce resistant spores at some stage 
or another of their hfe-cycle 

The general organization of the class and the basis of classi- 
fication mto subclasses and orders has already been discussed 
PoUoiving Reichenoiv, the class Spobozoa is divided mto 
four subclasses, as follows — 


1 (2) Trophic and reproductive phases typi 
cally distinct , trophozoite becoming 
fully developed heforo reproduction 
begins Sporozoites aro Gregormulie - 
■2 (1) Trophic and reproductive phases usually 
overlap , the etiU growmg or oven quite 
young trophozoito may begin to form 
spores Sporozoites are AmtnbultB 

3 (4) Spores with one or tnoro thread-cap- 

sules . 

4 (3) Spores without thread capsules 

5 (6) Cysts ibrmmg long rod-hko masses 

(Mieacher’s tubes) Spores crescentic, 
with one end rounded and the other 
pomtod Parasites of striped muscle 
of Vertebrates 

6 (5) Spores large, containing a single volumi- 

nous nucleus Simple typo of develop- 
ment 


[Schaudum, p 60 

Telosporldla 


3 


[p 328 

Cnidosporldla Pohem, 


5 


[p 361 

Sarcosporidla Balbiani, 

[& Mesml, p 369 
HaplosDorldia Caullory 


I. Subclass TELOSPORIDIA Sohaudirm, 

1900. 

Telospoehua are Spoeozoa m which the trophic and 
■reproductive phases are typically distmct, the animal becoming 
full grown before either asexual reproduction {schizogony) or 
sexual reproduction {gamogony or eporogony) hegms 

The great majority are mtracellular parasites, at least 
durmg part of their life-history The parasites are unmucleate 
in the early period of growth Durmg growth (as m CocciniA 
and Kemospoeidia) or after growth is completed (as m 
Geegaetnida), the nucleus divides by repeated rmtotic 
di-visions, and the orgamsm breaks up mto as many daughter 
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individuals as the number of nuclei This process of multiple 
fission may he an asexual process {schizogony), and the resultmg 
daughter individuals (merozoites) ■wiU grow mto adult tropho- 
zoites, or the daughter individuals may all be gametes In 
the former case also, after 'schizogony has been repeated 
a number of times, some of the merozoites develop mto 
gametocytes, which give nse to gametes The gametes 
conjugate, the process bemg known as syngamy, and form 
zygotes The zygote then becomes enclosed m a resistant 
cyst, known as the oocyst Inside the oocyst the zygote 
may either divide directly mto a number of motde vermiform 
bodies called sporozoites, or the zygote may first divide mto 
separate bodies called sporoblasts, which become encysted m 
secondary cysts known as sporocysts ■; wit hin each sporocyst 
the sporoblast gives rise to a number of sporozoites and 
a residual body The mature oocyst of this latter type thus 
contams a number of sporocysts, each containing many 
sporozoites 

The infection of a new host is brought about by the con- 
tammative or moculative method, and the sporozoites seek 
then way to the particular type of cell which they Usually 
parasitize, viz , an epithehal cell (Geegabinida, Cocoedia) 
or a blood-corpuscle (HlaaiospOEEDiA) The adiilt forms of 
Gregaeuoba are mvariably extracellular or lumen dwellmg, 
young growmg stages alone being mtracellular Adult forms 
of Cocoedia and HLsaiosponrniA are persistently mtracellular, 
young, adult, and reproductive phases all occurrmg mside 
ahost-ceU In the majority of Geegaeinid A (Eugregabikaeea), 
the sporozoite grows duectly mto a gametocyte which produces 
gametes In the ScmzoGBEGAKENTDA schizogony also takes 
place In the Cocoedia and Haemospokedia regular alterna- 
tion of the asexual method or schizogony, and the sexual method 
or sporogony, is the rule, and this alternation of generations 
fiequently t^es place m two distmct hosts In Geegarenida 
and the HLsmospoeidia the sporozoites are formed duectly 
by divisions of the zygote , m Cocoedia the zygote encysts 
and divides mto sporoblasts which become sporocysts, and the 
oocyst thus contams a number of sporocysts, mside which the . 
sporozoites are developed When sporocysts are present, 
the oocyst is termed sporocystid, and, according to the 
number present, is described as disporocystid, ietrasporocystid, 
or polysporocystid The sporocysts are described as monozoic, 
dtzoic, tetrazoic, octozoic, etc , accordmg to the number of 
sporozoites present m each 

The subclass is divided mto three orders, as follows — 

Mature trophozoite e'rtracellular, large , 

zygote non motile , sporozoites withm [em Doflem, p 52 

a spore Gregarinida A Schneider, 

e 2 
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Mature trophozoite intracellular and small 
Zygote non motile , sporozoites withm 

a spore Cocoldls Z<ouckart, p 113 

Zygote motile , sporozoites -without [sky, om Dofiem, p 209 
envelope . Heemosporldia Datulew- 


I. Order GREGARINIDA A. Schneider, 
emend. Doflein, 1901. 

The Geegaeinida are chiefly coelozoic or lumen-dwelhng 
parasites of luvertebrates, especially Arthropods and Annehds, 
usually inhabiting the digestive tract, less frequently the 
coelome or the vascular system They are typically intra- 
cellular only m the early part of their growth, t e , m the 



Fig 3 ^Lifo cycle of a typical Eugregarmo A, syzygy , B, -union 
of two Bporonts , C, encystmont of the tw o sporonts and 
nuclear multipbcation. in oadi , arrangement of the 
nuclei on the surface (pearl stage) , E, gamete formation , 
-F, gametes set fine and their union m pairs , G, cyst con 
tauung the spores , H, liberation of the spores through the 
^oroducts (From Roichonow, after Rahlor, Schmtzler, and 
Schellack ) 

trophozoite stage Iiater they leave the epithehal cell and 
develop into more or less elongate motile adults, usually 
referred to as Gregarmes The vast majority of the Geeqaei- 
NIDA do not show asexual reproduction or schizogony, and 
mnltiphcation takes place solely bV sporogony foUowmg 
upon gametogony The adult GregWes or sporonts are 
gametocytes, but do not show a differentia-fcion mto male or 
female gametocytes, which is a characteristic feature of the 
CocoiDiA and the Haemosporidia The gametocytes associa-fce 
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m pairs, and both produce an equal number of gametes, which 
are usually equal m size though not always m character, 
smee those arismg from one gametocyte may behave as male 
gametes and those from the other as female gametes Con- 
jugation thus takes place between similar or dissimilar gametes 
{isogamy or amsogamy) In a small group, however, schizogony 
takes place as well as sexual reproduction, and the order is 
divided into two suborders on this basis Thus 

No schizogony Suborder Engregarlnaria Doflein, p 53 

Schizogony takes place Suborder Schlzogregarinaiia L6ger, p 111 

I. Suborder EUGRE GARIN ARIA Doflem, 1901. 

This suborder mcludes the majority of the so-called Gre 
garmes, which are usually parasites of Arthropods or Annelids 
The sporocyst, after gaimng entrance to a suitable host 
ger min ates and sets free the sporozoites, which enter the 
epithehal cells of the digestive tract There they grow large 
and protrude from the host-cells, remammg attached to them 
by an organ of attachment, called the cpimente, of vaned form 
These trophozoites sooner or later become detached from the 
cells of the host and move about m the lumen of the gut, 
where they are usually encountered as large and vermiform 
bodies e xhi biting a ghdmg movement In one group, the 
Seftata, the mam body is divided mto two parts, which are 
distmctly marked off from each other by an ectoplasmic 
septum The smaller antenor part is known as the protomerite, 
and the larger posterior part the deutomente The latter 
contains a smgle nucleus In the other group, the Haplocyta, 
the body is not divided by a septum, and consists of a smgle 
chamber In this latter group the sporozoites penetrate the wall 
of the gut and enter the body-cavity, forming cysts on the 
ccelomic side of the mtestmal wall, or develop as free forms 
mside the semmal vesicles or other parts of the body-cavity 
The trophozoites mcrease m size and are then known as 
gametocytes , these then encyst in pairs Withm the cyst- 
membrane each gametocyte gives nse to a large number of 
gametes, which may be isogamous or amsogamous Each of 
the gametes formed from one gametocyte mutes with one 
formed from the other, and a large number of zygotes are 
the result Each zygote becomes surrounded by a resistant 
membrane (oocyst or sporocyst), and its contents produce 
usually eight sporozoites 

The suborder is divided as loUows — 

[kester, p 64 

Trophozoite smgle chambered Legion Haplocyta Lan- 

Trophozoito divided by an ectoplasmic [P 83 

septum Legion Septata Lankester, 



54 


SPOBOZOA 


1. Legion HAPLOCYTA Lankester, 1885 

(=AcEPHAiaNA Eoelliker or Mokoctstidea Stein-f-Lecudi- 
mdsa and other pnmanly Dicystid forms) 

The EtTGEEGABiifAEiA are usually divided into Aoephaiana 
and Oephaiaka on the basis of the absence or presence of 
an epimerite Hesse (1909), Bhatia (1924), and Cognetti 
(1921, 1925, and 1926) have shown that a fairly large number 
of Monocystids also possess an organ of attachment or epunente 
An epunente is also present m the family Lecudmidse (=Doho- 
cystidss), but the b^y is not divided into a protomente and 
a deutomente Brasil (1908 and 1909) discussed the relation- 
ship of Dohocyatia with Lankesleria and other admittedly 
Monocystid forms Blmchm (1903) considered it purely 
amatter ofdefimtion whether Doliocystidse should be considered 
as Cephaxina without a septum, or as Mokocystidea with 
an epunente I have elsewhere (1924, p 508) discussed the 
grounds for elassifymg the Ettgeegabinabia mto Hapeocyta 
and Septata, and for placmg the Dohocystidai under the 
former 

The legion Haflocyta. may be divided into two tnbes, 
as follows — 

1 Producing sporocysts with eimilar poles 

Generally ccelomic paraeites •of Ohgo (p 64 

chjctes . ^ . Homopolarlde* Bhatia, 

2 Producing sporocysts with disBiTTulwr poles 

Intestinal or eoalomic parasites, usually of fBhatia, p 82 

marmo animals , . Heteropolaridss 

1. Tnbe HOMOPOLAEIBEA Bhatia, 1930 
(=Faiiiily Homopolabid^ Dogiel). 

Sporocysts with similar poles Generally coelomic parasites 
of terrestnal Ohgochsetes The tnbe comprises eight famihes 
(vzde Bhatia, 1930), of which representatives of six are at 
present known from India 

Id^nttjicalion Table of Famihes 

1 ( 12 ) Sporocysts bicomcal, with similar, non 

appendiculate poles, octozoie 2 

2 ( 11 ) Sporocysts not provided with spmes at 

either extremity 3 

3 (10) Trophozoite simple 4 

4 (9) Trophozoite sohtaiy 5 (Bhatia, p 55 

5 ( 6 ) Trophozoite without any differentiation (Stein, emend 

MonooystWsB 

6 (5) Trophozoite with a differentiation at the 

anterior end 7 

7 (8) Trophozoite with a conical or cylmdro- (Bhatia, p 65 

conical trunk at the anterior end Bbynchocystld® 
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8 (7) Trophozoite with a sucker like differentia- 

tion at the anterior end 

9 (4r) Adult trophozoites alwaj's associated, in 

pairs ... . . 

10 (3) Qhophozoite bnSnching at the anterior 

end ... 

11 (2) Sporocysts provided with spines at either 

extremity . . ... 

12 (1) ^Sporocysts not hicomcal Trophozoites 

with or without an epimente . . 

13 (14) Sporocysts oval or spherical Gametes 

net differentiated 

14 (13) Sporocysts spherical Gametes differenti- 

ated . . . . . 


[Bhatia, p. 6S. 
Stomatophoiids 
[Bhatia, p 72 
ZygocystidjB 

[Bhatia, p 73 
Aikmetocystids 

[Bhatia. 
Syncystida ♦ 


13. 

[Bhatia, p 76 
Diplocystida 

[Poche 

SchandiDfiUida*, 


1. Family MONOCYSTIDiE Stem, emend. 
Bhatia, 1930. 

Trophozoites oval, spherical or elongated, without any 
differentiation at the anterior end, sohtary Sporocysts 
hicomcal, with similar, non-appendicnlate poles, octozoic 
The family includes four genera (tide Bhatia, 1930), of which 
three are known ftom. India 

Kei/ to Indian Genera 

1 (4) Trophozoite ovoid or spherical . 2 [p 55. 

2 (3) Trophozoite ovoid . . Monocxsxis Stem, 

[p 59 

3(2) Trophozoite spherical Apoi-OCYsns Cognett4 

4 (1) Trophozoite elongated, cylindrical, like [p 60. 

a Nematode worm Nematocvsxis Hesse, 


Genus MONOGYSTIS Stem, 1848, emend Hesse, 1909, 
and Cognetti, 1923 

Honocystie, Stem, 1848, pp 183—223 , Lunkester, 1863, p 9.^ 
1866, pp 23-8, 1872, pp 342-51, Butschh, 1880-2, p 576, 
Ruschhaupt, 1885, pp 1-38 , Boaanquet, 1894, pp 421-33 , 
Labh5, 1899,p 38, Cu5not, 1901, pp 581-634, Ceccom, 190_a 
pp 132-5 , 1902 6, pp 122-40, hlmchin, 1903, pp 154-66, 
Braail, 1905 a, pp 17-38 , 1905 6, pp 69-99 ; Hesse, 1909, p ^ ; 
Hoffmann, 1909, pp 139-06, Mrdsow, 1911, pp 20-o5 , Mmclto, 
1912, pp 23, 174, 32S, 331, 332, 333, 336, 339 , CogneUn 1923, 
pp 250-3 Berhn, 1924, p 14 , Cognetti, 1925, p 229 , ^enynn. 
1926, p 1147 , Calkins & Bowhng, 1926, pp 385-99 Knowles. 
1928, p 499, Reichenow, 1929. p 886, Bhatia, 19^9, p 12- . 
1930, p. 158 , Kudo, 1931, pp. 57, 74, 293 , Calkins, 1933, pp 99 
100, 309, 559 

Trophozoites ovoid, without marked differentiation antermrly, 
often provided at the anterior pole with a mucron, soli ary. 
Sporocysts as defined for the family 

• placed after the name of a family mdicates 
of the family hiw as yet been recorded from India, Burma 
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Key to Indian Species 


1 (3) Nucleus spherical, with a large central 

karyoBome 

2 !Ikophozoitesfusiformorvanabloinform, 

often with a clear cylindrical process at 
one end, 100-160/1 by 30-40/1 Gamoto- 
cyets spherical, 80-100 /i m diameter 
3(1) Nucleus spherical or oval, with an irregu- 
lar or eccontno haryosomo 

4 (0) Nucleus with a large irregular karyo- 

some, consisting of several masses 

6 Trophozoites oval, or elongated and 

club shaped, 40-80 /i by 12-30 ft 
Gamotooyats irregularly hemisphorical, 
70-80 ft m diameter 

•6 (4) Nucleus spherical or oval, with on 
eceeatnc karj-^osomo 

7 (8) Trophozoites rounded or ot'al when 

yoimg, fusiform when mature, lOO/i 
m length Gomotocysts spherical or 
oval, 84^ m diameter 

5 (7) Trophozoites vonable m ibrm, attaining 

a size up to 220 /i by 60 /t Gomoto 
cysts spherical, 80 /i m diameter 


2 

Ip 66 

in ieddardt Ghoahj 

4 

5 

[p 67 

M bcngalcnsis Ghosh, 

7 

Ip 68 

M Uoxdx Ghosh, 

[P 58 

M pherettmi'&h ACh, 


1 Monocystls beddardi Ghosh (Fig 4 ) 

fMonocyatw beddardi, Ghosh, 1923, pp 426-7, figs 9-13 
Monocyaite beddardi, Bhatio, 1020, p 123 

Trophozoites elongately fusifdrm wheii young, fusiform 
OT variable in form when mature Body often with a clear 



Fig 4 MonocysCte beddardi Ghosh (After Ghosh ) 

cyhndncal process at one end Surface smooth JEctopIasm 
very thm Endoplasm highly granular, with paramylon 
grama Change of shape involves the formation of a bulbous 
swelhng, which occupie s a large portion of the body, with 

f iwfeed to a reference indicates that the record of the species 
irom juidia, Burma or Ceylon is based on it 
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rapid in-pounng of the paramylon grams into it, and the 
swelling gradually disappears, to be formed again , the 
parasite now assumes a rounded shape, with or without 
a narrow process at one or both ends Nucleus spherical, 
with a large central karyosome Gametocyst spherical, -rt^th 
hemispherical or irregularly oval gametocytes Sporocysts 
typical 

Dimensions — ^Trophozoite 100-150 ft m length and 30-40 ft 
m width, gametocysts 80-100ft in diameter, sporocysts 
12 5ft in length 

RemarLs — ^Dr K. N Bahl sent me some preparations of the 
contents of the semmal vesicles of Eutyplisens sp In these 
are a large number of trophozoites and other stages of a Mono- 
cyatid referable to M beddardt Ghosh There are, m addition, 
numerous specimens referable to Dirhynchocysiis globosa 
(Bhatla & Chatterjee) Ghosh m his description of M beddardz 
describes the parasite as assunung a rounded shape, with or 
without a narrow process at one or both ends It is possible 
that he found specimens of D globosa occurrmg along with 
M beddardi and considered them merely as contracted stages 
of the latter But the processes in Dirhynchocysiis are clearly 
marked off from the body, and not as represented by Ghosh 
m his figs 12 and 13 

Habitat — SemmaJ vesicles of Eutyphoevs mcholsoni 
(Beddard) Bengal, Calcutta. , Entyphcens sp United 
Provinoes, Lucknow 

2 Monocystis bengalensis Ghosh (Rg 6 ) 

'^Monocysi-is bengalensis, Ghosh, 1923, pp 423—5, figs 1—7 
Monocystis bengalensis, Bhatia, 1929, p 123 

Trophozoites oval when young, later elongated and club- 
shaped Anterior end wide and lomided Posterior end 



Fig 5 — Monocystis uongalensts Ghosh A, trophozoite , B, cyst 
w jtli two sporonts (After Ghosh ) 

narrow and rounded Surface smooth Ectoplasm very thm 
Myonemes barely visible m stamed specimens Endoplasm 
highly granular, with large irregular-shaped paramylon 
grains Nucleus rounded, with a large irregular karyosome, 
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consisting of several compact masses Movement slow and 
peristaltic Gametocytes rounded or oval Gametocysts 
irregularly hemispherical, apposed to each other by their 
flat surfaces Sporocysts and sporozoites typical 
Dimensions — Trophozoite 40-80 /x m length, 12-30 /x m 
•width , gametocysts 70-80 /x in diameter 

Habitat — Seminal vesicles of Pheretima posthuma (L 
VaiU ) Bekgal, Calcutta 

3 Monocystis Uoidi Ghosh 

•fMonocyetia Iloidi, Ghosh, 1923, p 425 
MonCcyatis lloidi, Bhatia, 1929, p 123 

Trophozoites rounded or oval -when young , somewhat fusi- 
form, about one-third longer than broad, when mature 
Anterior end more roimded than the posterior Surface 
smooth Ectoplasm distmct and comparatively thick Endo- 
plasm finely granular, "with scattered, coarse granules 
No distmct paramylon grama Nucleus with a small eccentno 
karyosome Movement brisk and peristaltic Gametocysts 
spherical or oval Sporocysts and sporozoites typical 
Dimensions — ^Trophozoite 100 ix m length , gametocysts 84 « 
m diameter 

— Semmal vesicles of Pheretima posthuma (L 
VaiU ) Bekgal, Calcutta Rare 

4 Monocystis pheretuni Bhatia & Chatterjee (Eig 6) 

pUretimi. Bhatia & Chatterjee, 1925, pp 199-200, 
figs 20, 21, 28, 29 i 

Jkfonocj/ffjto^j/iereftmtBhatia, 1929, p 123 

Trophozoites variable m form, spherical, ovoid, elhpsoidal 



Fig 6 -rrMonocystis phereiimi Bh & Oh. (After Bhatia and Chatteqee ) 


I 


APOLOCY6TIS 


69 


or dumbbell-shaped, ehowing active movements Para- 
glycogen grains few Epicyte thm, without stnations 
Sarcocyte well develojied Myocyte fibrils dehcate Endo- 
plasm excavated by vacuoles Nucleus generally spherical, 
sometimes ovoidal, with a single spherical karyosome, placed 
eccentrically Gametocysts spherical Sporocysts and sporo- 
zoites typic^ 

Dimensions — ^Trophozoites attam a size up to 220^ by 
60 (i , gametocysts 80 /£ m diameter 

Hahitai — Seminal vesicles of Pherehma posthuma (L 
VaiU ) PcTNJAB, Lahore , Bombay, Bombay 


Genus APOLOCYSTIS Cognetti, 1923 

Apolocyslts, Cognetti, 1923, p 253, 1925, p 231, Eeichenow, 
1929, p 887 , Bhatia, 1929, p 124 , 1930, p 158 , Troisi, 1933, 
pp 336-42 , Calking, 1933, p 559 

Trophozoites spherical, without any marked principal axis, 
and without polar difierentiation, sohtary Sporocysts as 
m the family 

5 Apolocystis matthaU (Bhatia & Setna) (Fig 7 ) 

'fMonocysi-is maUhan, Bhatia & Setna, 1926, pp 362-4, figs 1-4, 25-27 
Apolocyslts matthau, Bhatia, 1929, p 124 

Trophozoites most commonly spherical, sometimes ovoid 
or la^ey-shaped, not covered by hairs Epicyte thm and 
not showing any meridional stnations Sarcocyte hyahne 
and httle develojied Myocyte fibres not distmgmshable. 
Endoplasm very dark, bemg finely granular, the alveoh 



^*3 7 — Apolocyslts maUhatt (Bh & Set ) (After Bhat a and Setna ) 


wmpactly arranged and with large grains of reserve matenal 
Nucleus sphenoal, with smgle sphencal karyosome, placed 
ecTOutncaUy. Gametocysts elhpsoidal 
Dimensions — Trophozoites attam a size up to 238 p. , 
gametocysts up 468 p m their longer diameter 
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EemarLs — ^Instances of sohtary encystment and, more 
rarely, cysts containing three mdividuals were encountered 
I have emended the spelhng of the specific name to make it 
conform correctly to that of the person to whom the species 
IS dedicated 

Hainfut — Semma] vesicles ol Megascolex irilobaius (Steph ) 
Bombay, Bombay 


Genus KEMATOCYSTTS Hesse, 1909 

NematocysUs, Hesso, 1909, p 45 , Cognetti, 1918, p 149 , 1921 a 
pp 163-4 , 1921 b. pp 552-4 , Berlin, 1924, pp 67-8, 74, 83-7 , 
Cognetti, 1925, p 231 , Bhatia & Chattorjeo, 1925, pp 193-7 , 
Bhatia & Sotna, 1926, pp 364—7 , Roichenow, 1929, p 887 , 
Bhatia, 1929, pp 124-5 , 1930, p 168 , Calkins 1933, p 659 

Trophozoites elongated, cylmdrical, shaped like a Nema- 
tode worm, attammg even up to 6 mm m length Sohtary 
Sporocysts as m the family 


1 ( 6 ) 

2(3) 

3 (2) 
(5) 
5(4) 
6 ( 1 ) 
7 (8) 


8(7) 


Key to Indian Species 


Trophozoite tapering at one or both ends 

Trophozoite tapering at either end 
Nucleus long, fusiform, with two 
karyosomes 

Trophozoite with anterior end rounded, 
posterior end pointed 

Nucleus long, fusiform, with smglo karyo- 
some 

Nucleus elongated oval, with several 
karyosomes 

Trophozoite usually rounded at both 
ends 

Anterior pole without epimontic denti- 
culations, posterior pole not covered 
by fine hairs Nucleus usually m the 
middle of the body, with single karyo- 
some ^ 

Anterior pole with epunentic denticula 
tions, posterior pole covered by fine 
ha^ Nucleus near one end of the 
body, with smgle karyosome 


2 

[p 60. 

N hcssci Bh & Ch , 

4 

[p 62 

N lumhrtcotdcs'Sx^o, 
[Bh &Ch,p 62 
N plurikaryosomata 

7 


[Set , p 63 
N etcphensonilBh & 


[p 64 

N nermictdhm Hesso, 


6 Nematoeystis hessel Bhatia & Chatterjee (Eig 8) 

1[Nemato^st^ hessei, Bhatia & Chatterjee, 1926, pp 194-6, pi vm, 
figs 11, 11 o, 12 , pi ix, fig 24 

Nematoeystis hessei, Cognetti, 1926, p 231 , Bhatia, 1929, p 126 

^o^ozoite elongated like a worm and tapermg at either 
end No epicytal stnations Nucleus long and fusiform, 
with two karyosomes, which are sometimes very imequal m 

S12€ 

Dimensions — ^Up to 552 p, m length by 4:2p m thickness 
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RemarLs — ^The species in some respects resembles N angutl- 
hda, but diflFers from it in the absence of epicytal stnations 
and m the nuclear structure The nucleus is situated near the 
centre of the parasite and is long and fusiform , it may 
attam a length of 79/Lt The two karyosomes may be equal 


Fig 9 


Fig 8 




Fig 8 — NematocysUs hessex. Bh & Ch (After Bhatia and Chatterjee ) 
Fig 9 — Nematocysits lumbncotdes Hesse (After Bhatia and Chatter- 
jee ) 

Fig 10 — Nematocystis plunkaryosomata Bh & Ch (After Bhatia and 
Chatterjee ) 


or very unequal m Size, and are situated near the two ends 
of the nucleus 

Habitat — Seminal vesicles of (Mchlsn ) 

Punjab, I^ahore 
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7 Nematocystis lumbricoides Hesse (Fig 9 ) 

Nemaiocyatis lumhricatdea, Hesse, 1909, pp 163-5, figs Lev, Lcvi 
^Nematocystw lumbncoides, Bhatia & Chatterjee, 1925, p 190, pi vm, 
fig IV 

Ncmatocyetxs lunibricotdea, Cognetti, 1925, p 231 , Bhatta, 1629, 
p 124 

Trophozoite shaped hke an earthworm, swollen in the middle 
and narrower at each end, anterior end somewhat rounded and 
posterior end more pomted Nucleus long and fusiform, with 
a smgle karyosome 

Dimensions — ^Up to 1 5 mm m length and 60ja m thickness 
Remarks — Specimens exammed by Bhatia and Chatterjee 
from PhereliTna Tieierochseta (Mchlsn ) at Lahore differed from 
those described by Hesse from Helodrilus caliginosus Savig 
m France m that the size did not exceed 1 mm by 31 /i, 
the epicyte was not ornamented with parallel longitudmal 
stnations, and the nucleus was variable m position and con- 
tained a smgle large oval karyosome placed eccentrically 
Habitat -^ermsxaXvesiQlQ&oiPheretimaTieierochasta (Mchlsn ) 
PuKJAB, Lahore 


8 Nematocystis plurikaryosomata Bhatia & Chatterjee 
(Fig 10) 

'\Nematocy8Us plurikaryoaotnata, Bhatia & Chatterjee, 1926, pp 196-6, 
pi viu, figs 13—16 , pi IX, fig 26 

Nematocystis plunkaryoaoTnata, Cognetti, 1925, p 231 , Bhatia, 1629, 
p 125 

Trophozoite with a long and extremely deformable body 
No epicytal stnations Nucleus elongate and oval, with 
several small karyosomes 

Dimensions — ^Up to more than 1 mm m length and 100 /x 
in thickness Gametocysts small, attammg a size of 140ft, m 
diameter Spores 6 5-8 6 ft, by 3 4/x m size 

Remarks — ^The body of the parasite is very deformable and 
shows constnctions and bulgmgs durmg the progression of 
the parasite, the granular cijttoplasm, together with the 
nucleus, appearmg to flow from one pole to the other The 
parasite differs from N magna m that it hves free m the 
semmal vesicles, has no polar ornamentations, no hairs round 
its pqstenor pole, and m its nuclear structure In stamed 
preparations the paraglycogen grams are seen to be aggre 
gated along the central region, leavmg a clear peripheral zone 
The nucleus is variable m position and contams 6 to 12 large, 
spherical karyosomes , it measures 60 ft along its long axis 

Habitat — Semmal vesicles of Allolobophora {Eisenia) foeiida 
(Savig ) Punjab, Kasauh 
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9 Nematocystis stephensoni Bhatia & Setna (Eig 11 ) 

'\Nematocystts stcphcnsonx, Bhatia & Setna, 1926, pp 364—7, pis xi, 
XU, figs 5—17 , pi xui, figs 28, 29 

NemaUj^siis stephensom, Bhatia, 1929, p 125 

Trophozoite of an elongate cylmdncal form, short and 
swollen or elongated and thin, with blunt extremities Body 
highly deformable, presenting a number of swellmgs and 
constoctions Epic 3 rte shows fine longitudinal stnations 



Fig 11 — Nematocystis stephensom Bh & Set 
(After Bhatia and Setna ) 

Nucleus elhptical, with a smgle central haryosome, which 
consists of a central deeply stammg portion surrounded by a 
vacuolated layer Gametocysts oval Gametocytes equal m 
size , gametes, similar 

Dimensions — ^Trophozoite up to 1 26 mm m length and 
100 ft m thickness , gametocysts from 153 /i by 100 ft to 314 p 
by 246 ft ; zygotes 8 /t , sporocysts 15 5 ft by 8 1 ft 
RemarLs — In the hvmg condition the parasite is qmte 
opaque and capable of contractmg and elongatmg so rapidly 
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as to produce constrictions and buigmgs, giving it the same 
appearance as N magna and N ^unkaryosomata The 
opacity of the granular cytoplasm is so great that the nucleus 
IS only famtly mdicated 

In the stamed preparations the cytoplasm exhibits the usual 
structure The nucleus is generally situated about the irnddle 
of the body, but is often found nearer one or the other extremity , 
' this is due to the movements of the endoplasm Its elongated 
axis generally hes parallel to the long axis of the body The 
shape and structure of the nucleus are very characteristic 
The nucleus is of an elongate, regularly elhpsoid form, and 
consists of (i) a -well-defined nuclear membrane, (u) a broad 
zone of peripheral achromatm, m which the network is not 
distmguishable, and over which fine chromatm grains are 
dispersed, and (m) a large central, spherical or oval karyosome, 
which 18 like an entire nucleus m structure and appears very 
much like a nucleus -witlun a nucleus The nucleus thus 
appears to consist of two concentric rings and a deeply 
staimng homogeneous mass m the centre The inner rmg 
and the central homogeneous mass together constitute the 
karyosome 

Development is on the usual hnes, and different stages have 
been described by Bhatia and Setna (1926) 

EaJniat — Seminal vesicles of Eulyphtsm tncommodua (Bed- 
dard) Puhjab, Kasauh 


10 Nematocy^Is vermiculans Hesse (Fig 12 ) 

Nemalocystis vermxcitUtris, Hesse, 1909, pp 165-8, figs Ixvu-Ixs: 

Berlin, 1924, pp 68, 74 

■\NemaU)cystta vcrmtctdane, Bhatia & Chatterjee, 1926, p 197 
Nematocyetxe vermiculana, Bbatia, 1929, p 124 

Trophozoite -with a fusiform, rather thick body, rounded at 
both extremities The anterior pole ornamented with a cap 
formed of small cyhndncal prolongations placed side by side, 
posterior pole covered by fine hairs directed backwards 
Ectoplasm thm, cuticular ornamentations not visible Endo- 
plasm rather rich m chromatoid granulations Nucleus 
eUipsoidal, situated near one of the extremities of the body, 
and containing a single karyosome 
Dimeinsiom — Scarcely 1 mm m length and 100/am thickness 
Remarks — The single specimen obtamed by Bhatia and 
Chatterjee firom the senunal vesicles of Phereiima harbadensis 
(Beddard) closely resembled Hesse’s fig Ixviu a of the sjiecies 
as described from Helodnlus longas Ude The size of the 
specimen was, however, much less, being only 446 p. m length 
by 69/x. m thickness The nucleus was situated more towards 
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the blunt end of the parasite and measured 38 5 ft along its 
long axis There was a central spherical karyosome 



Fig 12 — Nemaiocysits vcrmvMlans 'SeBae. (After Hesse ) 


Habitat — Semmal vesicles of Pheretima harbadenais (Bed' 
dard) Punjab, Lahore 


2. Family RHYNCSOCYSTID^ Bhatia, 1930. 

Trophozoites ovoid, spherical or elongaied, with a comcal 
or cylmdro-comcal trunk at the antenor end, sohtary Sporo- 
cysts bicomcal, with similar non-appendiculate poles, octozoic 


Genus RHYNCHOCYSTIS Hesse, 1909 

J??! 3 /nc?ioc 2 /s<ts, Hesse, 1909, p 45, Cognetti, 1911, p 207, Berlin, 
1924, p 68 , Cognetti, 1925, p. 232 , Bhstia & Ciiatterjee, 1925, 
p 190 , Bhatia & Setna, 1926, p 370 . Eeiclienow, 1929, p 887 , 
Bhatia, 1929, p 129 , 1930, p “168 , Calkms, 1933, p 659 , 
Troisi, 1933, pp 327-34 

Trophozoites ovoid or cylmdroid Anterior pole provided 
with a metabohc epimente, which is most frequently elongated 
mto a comcal or cyhndro- comcal trunk Sporocysts with 
characters of the fanuly 


Key to Indian Species 

1 (3) Hairs present on both the mucaron and 

the posterior end of the body 

2 Form variable, pear shaped, spherical 

or gregarmiform Epimente meta- 
bohc, a comcal or hemiqphencal mn- 
cron Nucleus rounded, variable in 
position 

3 (1) Harrs not present on any part of the 

body 

4 (6) Form elongate, pear-shaped, anterior 

end broader, with a mpple shaped epi- 
mente Nucleus oval, usually m 
posterior half of the body 
SPOB 


2 


[p 67 

i? cogneUii'Bh &Gh 
4 


[Set , p 67 
R Ttiamxllaia Bh & 
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6 (4) Form elongate, cylindrzcal, with cylin- 
dro-comcal epixnente marked with 
difltmct epicytal striations Nucleus 

oval, usually about the niiddlo of the [p 66 

body R awatxx Bh & Set , 

11 Rhynchocystis awatii Bhatia & Setna (Fig 13 ) 

■^Rhynchocystia awaiti, Bhatia &, Setrm, 1926, pp 371-3, pi xu, 
figs 23, 24 , pi XV, figs 34, 35 
Rhyndwcyalte awaht, Bhatia, 1929, p 126 

Trophozoite %vith an elongate cyhndncal body, the antenor 
end generally provided ivith a cylindro- conical epunente 
EpiC 3 rte ornamented with fine longitudinal striations, which are 
more distinct and spaced out over the epimentic region 
Sarcocyte poorly developed and firee from granules Nucleus 
oval. With a large eccentric karyosome, and generally placed 
about the middle of the body 


Fig 13 



Fig 13 — Rhynchocyatia awatix Bh & Set (After Bhatia and Setna ) 
Fig 14 — Rhynchooystia cognetlit Bh A Ch (After Bhatia and Chatter- 

J&O ) 

Fig 15 — Bh7/72choc^ati8 mamiUafa^h & Sot (After Bhatia andSotaa ) 
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DiTTiensions — ^Maxunum length 400^ , masamum width, 
in shorter and thicker individuals, 50 /x, 

Bemarks — This appears to be a rare parasite of its host, 
being found only in a few specimens and m extremely small 
numbers The form of the trophozoite vanes considerably 
some are short and thick, while others are long and vermiform 
An epimerite is not found m all mdividuals, but, when present, 
it is a distmct club-shaped structure, dilated at its distal 
extremity and narrower at its base The ectocyte is thm 
The entocyte is finely granular The nucleus hes more often 
in the middle, though m some cases it is foimd to be situated 
near the anterior end It is oval m form, with its long axis 
lying along the length of the parasite The nucleus usually 
measures 17 5p, m its longer and 10 5p, m its shorter diameter, 
and contains a smgle large eccentrically placed karj.’^osome 
Some mdividuals show end to end syxygy sometimes the 
satellite retains its epimerite and is fixed by it to the posterior 
end of the pnmite 

Habitat -^emmal vesicles of Pheretima elongata (E Perr ) 
Bombay, Bombay 

12 Rhynchocystis cognettu Bhatia & Chatterjee (Fig 14) 

■\Rhynchocystis cogmUxt, Bhatia & Chatterjoe, 1926, pp 190-3, pi vii, 
figs 1-10 , pi IX, figs 22, 23 
RhynchocysU-8 cognettix, Bhatia, 1929, p 125 

Trophozoite with an epimerite Shape of tlie body variable, 
pear-shaped, spherical or gregarmiform, and the anterior end 
provided with a niucron surrounded by a crowui of sarcocyte 
Hairs found only in the region of the mucron and sometimes 
at the posterior end also Nucleus generally spherical, with 
a smgle spherical karyosome placed eccentrically and surrounded 
by a clear white halo The nucleus vanes m its position, but 
IS never situated m the epimentic region Gametocytes are 
nearly equal m size 

Dimensions — IVIaximum size of the trophozoite 129 ft by 
46 p. , gametocysts are more or less ovoid and measure 
up to 129 /X by 81/x 

Habitat — Semmal vesicles of Alhlobophora caliginosa 
(Savig ) Punjab, Kasauh 

13 Rhynchocystis mamillata Bhatia & Setna (Fig 15 ) 

^Rhynchocystis maimUota, Bhatia & Sotna, 1926, pp 370-1, pi xii, 
figs 21, 22 , pi XIV, figs 32, 33 
Rhynchocystis mamiUata, Bhatiei, 1929, p 125 

Trophozoite with an elongate pear-shaped body, the 
antenor end broader and provided with an epimente consisting 
of a mpple-shaped mucron surrounded at its base by a ring 

T 2 
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in which the sarcocyte is well developed Movements of the 
trophozoite very slow Body not covered with hair Nucleus 
oval and situated in the posterior half of the body 

Dimensions — ^The trophozoite may attam a maximum 
length of 126 /i, maximum width 52 5 /m, nucleus 14r-15 9/x 
m length and 8-11 3p, m width Qysts and spores not 
identified 

Remarks — R mamiUata difiers from R cogneMn m being 
more constant m form and in not exhibitmg the changes 
shown by the latter species It differs from jR pihsa by its 
constant form and by the complete absence of hair covermg 
the body The relative dimensions of the trophozoite, 
nucleus, and karyosome differ markedly from R awain, 
which 18 found m the same host-species, the nucleus bemg 
larger m trophozoites of corresponding size 

The sperms of the host, sticking close together to the 
epimente, form a thick mvestment round it The ectoplasm 
18 not thick, but the epicyte is fairly well developed The 
endoplasm, with the contamed granules, is moved about m the 
mterior of the body from pole to pole, without affectmg the 
external form of the body The nucleus generally hes m the 
posterior half of the body, rarely m the middle or the anterior 
half , it is distmctly oval, and contains a smgle sphencal or 
slightly oval karyosome, which is placed eccentrically 

Habitat — Semmal vesicles of Pheretima dongata (E Parr ) 
Bombay, Bombay 


3. Family STOMATOPHORID^ Bhatia, 1930. 

Trophozoites ovoid, sphencal, cyhndncal or cup -shaped, 
with an antenor sucker-hke epunentic organ , sohtary 
Sporocysts navicular, with similar non-appendiculate and 
truncated poles , octozoic 

The family mcludes seven genera (vide Bhatia, 1930), of which 
only one is at present known from India All the genera 
are parasitic m various species of Pheretima only 

Genus STOMATOPHORA Brzewecki, 1907, emend Hesse, 
1909, and Bhatia, 1924 

Stomatophora, Drzewecki, 1907, pp 218-46 , Hesse, 1909, pp 46, 
161-87 , Bhatia, 1924, pp 481-612, pi Tnnn, figs 1-31 , Bhatia 
& Setna, 1926, pp 367-8 , Beichenow, 1929, p 887 , Calkins, 
1933, p 660 , Ray & Chattoigee, 1936, p 346 

Trophozoites ovoid or sphencal Antenor end provided 
with a sucker-hke epunentic organ with or without a central 
mucron Sporocysts typical of the family 
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Key to Indian Species 


1 (4) Form with elongate cylindro conical 

body 

2 (3) Sucker an inverted balloon-shaped de- 

pression with a central tnucron and 
radial epioytal stnations 

3 (2) Sucker cup shaped, with a central 

mucron surrounded by a crown of 
petals 

4 (1) Form plate or disc-like, marked by 

furrows and divided mto a number of 
irregular lobes Sucker central, cup- 
hke, with a central mucron 


2 

[p/ 69 

btilbtfera Bh & Set , 
Lp 69 

(S' coronate (Hesse), 


(S diademo Hesse, p 71 


14 Stomatopbora bulbifera Bhatia & Setna (Fig 16 ) 

fStomatophora bulbifera, Bhatia & Setna, 1926, pp 368-70, pi am, 
figs 18-20, , pi xav, figs 30, 31 
Stomatophora bulbifera, Bhatia, 1929, p 125 

Trophozoite with an elongate cylmdro-comcal body, 
a broad and round anterior end and a narrow and pointed 
posterior end Body not marked by any furrows or epicytal 
stnations The sucker at the antenor end is an inverted 
balloon-shaped depression with a central mucron and radial 
epicytal stnations Nucleus, oval with a large sphencal 
karyosome 

Dimensions — ^Length of trophozoite 56-11 9/x, width 24 5- 
52 Sjj. , nucleus 10 5-16 7/i by 7-11 3ft 

Remarhs — The greatest width of the organism is at 
one-third the len^h of the body jfrom the antenor end 
G[he sucker is like an inverted balloon in fonn, with the epicyte 
lining it and showmg stfiations divergmg firom a deeply 
stained central mass, which corresponds to the mucron but 

15 not raised Over the body the epicyte is thm, and the 
sarcocyte forms a thick hyaline and transparent layer The 
endoplasm is alveolar, and numerous paramylon grams are 
found adhenng to the walls of the alveoh Nucleus with its 
long axis parallel to the long axis of the body 

Habitat — Semmal vesicles of PhereXima elongata (E Perr ) 
Bombay, Bombay 


15 Stomatophora coronata (Hesse) (Fig 17 ) 

Monocystvs coronatus, Hesse, 1904, p 268 

Slomatopbora coronata Drzewecki, 1907, pp 218—46 , Hesse, 1909, 
pp 161-87, figs Ixsav-Ixxix , pi u, figs 40-73 , pi vi, figs 
136-70, pi vu, figs 187-93, Sokolow, 1911, p 292, Minchm, 
1912, p 328 

tiS'tematepfterocoronoto,Bhatia, 1924,pp 499-507, pi sxui, figs 20-5 

Stomatophora coronata, Cognetti, 1925, p 2^ ; Bhatia, 1929, 
p 125 , Reichenow, 1929, p 887 

Trophozoite with an oval or elhpsoidal body, rounded at 
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in which the sarcocyte is well developed Movements of the 
trophozoite very slow Body not covered with hair JSTucleus 
oval and situated in the posterior half of the body 

Dimensions — The trophozoite may attam a maximum 
length of 126 /a, maximum width 52 5ft, nucleus 14-15 9ft 
m length and 8-11 3 ft m width Q^sts and spores not 
identified 

Bemarks — R mamiUato, differs jfrom R cognetlii m bemg 
more constant m form and m not exhibitmg the changes 
shown by the latter species It differs from R pilosa by its 
constant form and by the complete absence of hair covermg 
the body The relative dimensions of the trophozoite, 
nucleus, and karyosome differ markedly from B atvatii, 
which IS found m the same host-species, the nucleus bemg 
larger m trophozoites of corresponding size 

The sperms of the host, stickmg close together to the 
epimente, form a thick mvestment round it The ectoplasm 
IS not thick, but the epicyte is fairly well developed The 
endoplasm, with the contamed granules, is moved about m the 
mterior of the body from pole to pole, without affectmg the 
external form of the body The nucleus generally hes m the 
posterior half of the body, rarely m the middle or the antenor 
half , it is distmctly oval, and contains a smgle spherical or 
slightly oval karyosome, which is placed eccentrically 

Habitat — Seminal vesicles of Pheretima elongafa (B Parr ) 
Bombay, Bombay 


3. Family STOMATOPHORID^ Bhatia, 1930. 

Trophozoites ovoid, spherical, cyhndncal or cup-shaped, 
with an antenor sucker-hke epunentic organ , sohtary 
Sporocysts navicular, with similar non-appendiculate and 
truncated poles , octozoic 

The family mcludes seven genera (wide Bhatia, 1930), of which 
only one is at present known from India All the genera 
are parasitic m vanous species of Pheretima only 

Genus STOMATOPHORA Drzewecki, 1907, emend Hesse, 
1909, and Bhatia, 1924 

StomatopTi(yra, Drzowecki, 1907, pp 218-46 , Hesoe, 1909, pp 46, 
161-87 , Bhatia, 1924, pp 481-612, pi xaau, figs 1-31 , Bhatia 
& Setoa, 1920, pp 367-8 , Beichenow, 1929, p 887 , CalkinB, 
1933, p 660 , Ray & Chattenee, 1936, p 346 

Trophozoites ovoid or sphencal Antenor end provided 
with a sucker-hke epunentic organ with or without a central 
mucron Sporocysts typical of the family 
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Key to Indian Species 


1 (4) Form with elongate cylindro conical 

body . 

2 (3) Sucker an inverted balloon shaped de- 

pression with a central mucron and 
radial epicytal stnations 

3 (2) Sucker cup-shaped, with a central 

mucron surroimded by a crown of 
petals 

4 (1) Form plate- or disc like, marked by 

furro-wa and divided mto a number of 
irregular lobes Sucker central, cup- 
like, with a central mucron 


2 

(p. 69 

S buJbtfcra Bh Sc Set , 
Ip 69 

S coronata (Heese), 


S dtodc773aHjBsse,p 71 


14 Stomatophora bulbifera Bhatia & Setna (Fig 16 ) 

fSt&maiophora bulbifera, Bhatia & Setna, 1926, pp 368-70, pi xu, 
figs 18-20, , pi XIV, figs 30, 31 
StomatopTiora buUnfera, Bhatia, 1929, p 125 

Trophozoite with an elongate cylmdro-comcal body, 
a broad and round anterior end and a narrow and pomt^ 
posterior end Body not marked by any furrows or epicytal 
stnations The sucker at the antenor end is an mverted 
balloon-shaped depression with a central mucron and radial 
epicytal stnations Nucleus, oval with a large spherical 
karyosome 

Dimensions — Length of trophozoite 56-119/x, width 24 5- 
52‘5 fj, , nucleus 10 6-15 7/i by 7—11 
BemarLs — The greatest width of the organism is at 
one-third the length of the body from the antenor end 
The sucker is like an mverted balloon m form, with the epicyte 
lining it and showing sfriations divergmg from a deeply 
stamed central mass, which corresponds to the mucron but 
18 not raised Over the body the epicyte is thm, and the 
sarcooyte forms a thick hyaline and transparent layer The 
endoplasm is alveolar, and numerous paramylon grams are 
found adhermg to the walls of the alveoh Nucleus with its 
long axis parallel to the long axis of the body 

Habitat — Semmal vesicles of Pheretima elongata (E Perr ) 
Bombay, Bombay 


15 Stomatophora coronata (Hesse) (Fig 17 ) 

Monocystie coronalue, Hesse, 1904, p 268 

Stomatophora coronata Drzewecki, 1907, pp 218-46, Hesse, 1909, 
pp 161-87, figs Ixxiv-Ixxjx , pi u, figs 40-73 , pi vi, figs 
136-70 , pi vu, figs 187—93 , Sokolow, 1911, p 292 , Mmcbm, 
1912, p 328 

Stomatophora coronata, 'Bhatia, 192i,-pp 499-507, pi xxin, figs 20-5 

Stomatophora coronata, Cognetti, 1925, p 2^ , Bhatia, 1929, 
p 125 , Reichenow, 1929, p 887 

Trophozoite with an oval or elhpsoidal body, rounded at 
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both ends Anterior end bears a sucker, formed as a spherical 
cavity ivith a cap cut off from the upper pole, and mth a central 
mucron arismg from r^he proximal pole as a projection mto the 
cavity , the sucker is surrounded by a croTvn of a variable 
number of petals formed of hyalme sarcocyte covered over 

Fig 17 



Fig 16 — StOTnatophora bulbifera Bh & Sot (After Bhatia and Setna ) 
Fig 17 — Stomatophora coronata (Hesse) (After Bhatia ) 

Fig 18 — Stomatophora dtadema Hesse (After Bhatia ) 

by epicyte marked by stnations Gametocysts generally 
spherical or shghtly elhpsoidal Sporo cysts navicular, but 
their ends are drawn out and truncated, presenting a button- 
hke flattemng, sometimes stickmg end to end to form chains 
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Dime‘7isions — ^Maximum size of trophozoite ISO ft by 130 ft, 
average 80 by 60 fi , gametocysta measure 60-70 ft by 
50-60 ft , sporocysts 9-11 ft by 5-6 ft and 7-7 5 ft by 3 ft 
Remarks — ^The organism exhibits active though by no means 
rapid movements of the body, thus causmg alterations m 
form from moment to moment The body is generally 
expanded at the anterior end so as to look hke a top or a flovrer- 
vase It may then shoir a constriction round the middle of 
the body and assume an hour-glass-hke shape, and later a more 
regular outhne agam In 19M I studied the structure of the 
sucker and the croira of petals, and amended the diagnosis 
of the species as given by Hesse (1909) 

There is generally a small difference m size beti\een the 
gametocytes enclosed in a cyst, but the gametes do not show 
amsogamy^ 

Habitat — Semmal vesicles of Pheretima barbadensts (Bed- 
dard) Punjab, Lahore 

16 Stomatophora diadema Hesse (Fig 18 ) 

Stomalophora diadema, Hesse, 1909, pp 187-9, pi u, figs 66-8 
■^SloviatophoTa diadema, Bhatia, 1924, pp 503-7, pi xxiu, figs 26-31 
Starnalophora diadema, Cognetti, 1925, p 233, Bhatia, 1929, p 125 
fSto-matcpfiara sp , Ray & Chatterjee, 1936, p 345 

Trophozoite with the form of a sphere flattened and com- 
pressed between its ttvo poles, so as to resemble a plate or 
disc marked by furrou's and divided mtu a number of irregular 
lobes, some of ivhich are considerably larger than others 
The sucker is a shallow-like cup depression m the centre of 
the body, and shons a central conical projection or mucronjs 
Nucleus generally rounded, sometimes oval, eccentric m posi- 
tion, with a large kaiyosome Gametocysts usually spherical 
Sporocysts navicular, with extremities rather drawn out and 
truncated at the ends 

Dimensions — ^Maximum size of trophozoite 105 ft , gameto- 
cysts 125-170 ft m diameter , sporocysts 8—12 ft by 3-4 ft 
Remarks — In 1924 I discussed the morphology of the 
sucker m S simplex, S coronata, and S diadema, and came 
to the conclusion that, unlike the epimente of the Polycystid 
Gregannes, the sucker is not present m the earher stages of 
development in any of the species of Stomatophora, and that 
during the groivth of the trophozoite a simple cup-like sucker 
IS formed by a flattenmg and mpushmg of the anterior end of 
the body, the median projection or mucron bemg thus earned 
to the bottom of the cup-hke depression This process would 
seem to cause the epicjdal stnations to appear first on the 
surface of the sucker and extendmg from the central mucron 
to certam defimte pomts on the circular border of the aperture , 
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later they extend beyond over smaller or larger portions of 
the body In S simplex these stnse do not extend beyond the 
region of the sucker , m S coronafa they extend over a small 
area of the body immediately surrounding the sucker, thus 
formmg a crown of petals , and lastly, m S diadema they 
extend not only over the whole of the body, but some of them 
deepen and mvolve the deeper layers of the ectoplasm, 
causmg the body to be cleft into lobes Ray and Chatterjee 
(1936) have also studied the structure of the 6p.ckers of Stomato- 
pTwra, but their detailed observations have not yet been 
pubhshed 

Habitat — Se min al vesicles of Pheretima harbadensts (Bed- 
dard) Punjab, I^ahore , semmal vesicles of Phereiima 
poathuma (L Vaill ) Bengal, Calcutta 


4. Family ZYGOCYSTIDJi} Bhatia, 1930. 

Adult trophozoites always associated m pairs or groups of 
three Sporocysts bicomcal, octozoic 

Genus EXTREMOCYSTIS Setna, 1931 
Extremocystis, Setna, 1931, pp 206-9, pi vi, figs 2-6 

Adult trophozoites elongate, resembhng Nematocystis , 
always associated m pairs, attachment bemg end to end 

17 Extremocystis dendrostomi Setna (Fig 19 ) 

•\ExtremocyBt%^ dendroBtomi, Setna, 1931, pp 206-9, pi vi, figs 2-6, 
p 325 


The only known species m the genus 

Adult trophozoites have the characters given above , 
attachment is brought about by one end of an mdividual 



Fig 19 — Extremocystis dendrostomi Setna (After Setna ) 


fittmg mto a concave depression of the other Nucleus 
elhpsoidal, greatly elongated, generally lymg near that end 
of the trophozoite which joms with the other trophozoite 
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Dimensions — Maximum size 130 /t by 19 fi, minimum 70 /t by 
12/x 

Eemarls — ^The parasites he coiled and contorted among the 
coelormc corpuscles and the genital products of the host, and 
are never attached to the b^y-wall or the gut There is no 
organ of attachment to the host The body is cylindrical, 
resembhng an elongate Nematode worm, with more or less 
parallel sides and tapermg shghtly towards the extremities 
of the united pair Attachment takes place by means of the 
tapering end of an individual fittmg mto a regular concave 
hemispherical depression of the other The ratio of width 
to length of each mdividual is about 1 6 Ectoplasm is 
thm Endoplasm is coarsely granular, and the stream of 
granules flows very swiftly and uniformly from one end of 
the trophozoite to the other, gomg backwards and forwards 
m a straight Ime The nucleus measures 17 fj. by 6/x, and hes 
with its long axis parallel or shghtly mchned to the sides of 
the body 

The associatmg parrs become short and pear-shaped and 
later rounded oflr Gametocysts not found Sporocysts 
spmdle-shaped, with the two ends finely pomted, 29-35 /x 
by 6 4 fi 

Habitat — Coelomic cavity of Dendrostoma stgnzfer Sel & de 
Man Andamans, Port Blair 


5. Family ATKESTETOCYSTIDiE Bhatia, 1930. 

Trophozoites solitary or adherent, branchmg dichotomously, ^ 
the branches serving for the attachment of the parasite to the 
host Sporocysts as m Monocystis 


Genus AIKIKETOCYSTIS Gates, 1926 
Arkinetocyslta, Gates, 1926, pp 409-4;, Bhatia, 1930, p 160 

Trophozoites cyhndncal or columnar, with a characteristic 
regular, dichotomous branchmg at the attached end, with 
sucker-hke bodies borne on the ultimate branches , sohtary 
or in groups of three to eight Sporocysts as m Monocystis, 
Ccelomic parasites m various species of Eutyphoeus 

18 AiMnetocystis singularis Gates (Eig 20 ) 

7Ai1ctnetccy8lis srngidana. Gates, 1926, pp 400—4, figs 1-3 
Aikinetocyetia aingviana, Bhatia, 1929, p 126 , 1930, p 160 

Trophozoite cyJmdncal or columnar, with a characteristic 
regular, dichotomous branchmg at the attached end , fixation 
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to the host by means of sucker-hke bodies borne on the ultimate 
branches Ectoplasm shows longitudinal and transverse 
striations The transparent fluid endoplasm is densely packed 
with ovoid paraglycogen granules Nucleus is a large ovoid 
body containing a spherical eccentrically situated kaiyosome 

DimemKms — ^Trophozoite may be as long as 4 mm , nucleus 
640-860 ft m length , gametocysts about 620 /t m length , 
sporocysts of two sizes, the larger 20—23 /x long, the smaller 
7-9 ft long 

'Remarlca — ^The parasite presents a smooth creamy-white 
appearance or, very rarely, a hght browTiish tmge The large 
unattached end is bluntly rounded At a greater or less 
distance from this end the body branches mto two rami, 



Fjg 20 — Atkinetocystis singulans Gates n, nucleus , it, karyosome , 
Pr, primary ramus , Sr, secondary ramus (After Gates ) 

each of which divides to form two smaller secondary rami. 
This branchmg continues until eight or sixteen small ramuh 
are produced The dichotomy is regular The ramuh bear 
groups of irregularly ovoid, sucker-hke objects by means of 
which the pturasite is attached to the host Pairs of animals 
are frequently found attached to each other near the roimded 
free ends Groups of three to eight animals, similarly adherent 
to each other, are also found 

Livmg detached specimens show two kmds of movements 
Waves of peristaltic contraction pass along the trunk and rami 
of the first order, producmg a churzung of the endoplasmic 
contents m the tnii^, from the trunk mto the primary raim, 
and back mto the trunk , the nucleus is squeezed to and fro 
from one end of the trunk to the other, or even passmg mto 
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one of the primary rami and returning mto the trunk The 
second kind, described as rotation movements, result in a 
spiral twisting of the primary rami and their branches on their 
own axes 

MoTiocysits-\ik.e sporocysts, m masses visible to the naked 
eye, are present m the antenor segment of the host or can be 
foimd by scrapmg the body-wall Ovoid gametocysts were 
found in a few hosts 

Habiiat — Coalonuc cavities of Eutyphmis foieatus (Rosa) 
(most common^) and E sptnulosits Gates, E rams Gates, 
and E peguamis Gates (more rarelyl Buraia 

Genus NELLOCYSTIS Gates. 1<)33 
Ndloenjatis, Gates, 1933, pp 508-11 

Trophozoites sohtary or in aggregates of two or tliree indi- 
viduals Anterior end stalk-like and branchmg mto sev^eral 
short filaments which attach the parasite to the host Sporo- 
cysts as m Mcmocysiis 

19 Nellocystis birmanica Gates (Fig 21 ) 

Nellocystis hxmianica. Gates, 1933, pp 508-11, figs 1— S 

Trophozoites club-shaped, the postenor end enlarged, the 
anterior end narrowmg to an elongate stalk The antenor 
end of the stalk branches mto several short filaments, which 
attach the parasite to the host Withm the postenor portion 
IS a vacuolar cavity contammg a fluid m which there is a smgle 
dark, regtdarly spheroidal, granular mass contammg a smgle 
ovoidal nucleus with a smgle karyosome Withm the stalk, 
near the vacuolar cavity, is a second nucleus, which contains, 
m addition to a large karyosome, a smaller, shghtly bent, 
rod-like body This stalk-nucleus is placed with its long a-na 
along the long axis of the stalk In some specimens the stalk- 
nucleus 18 transverse to the long axis of the stalk, and the 
smgle large kaiyosome is replaced by a number of smaller 
granules, scattered throughout the nucleus Sometimes the 
smgle vacuolar cavity contains two discrete, ovoidal masses 
of unequal size, each contammg a nucleus with a smgle karyo- 
some, and the stalk-nucleus is granular and flattened on the 
side of the vacuolar cavity Aggregates of two or three mdi- 
viduals, with as many stalks for ^attachment, are also foimd, 
and each shows the structure as seen m a solitary mdividual 
Sporocysts are pseudonavicellar (homopolar), and were seen 
to contam a smgle nucleus, eccentncaUy located within the 
finely granular contents 

Remarks — ^The Gregarmes when present are said to occur m 
large number, 50 to 90 per segment for a number of segments 
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The size of the parasites was not determined The parasites 
were observed m the fluid used for preserving the host, without 
clearing or staming them In the absence of proper proto - 
zoological technique it is by no means certain that the branchmg 
stalk was not some tissue of the host, or that the organism 
18 really binucleate Also what is descnbed b''’’ the author 
of the species as bi-stalked and tn-stalked forms may, perhaps, 



Fig 21 . — Ndlocychs birmanica Gates a,j?ortionof asobtaiyindividusl, 

b, portion of tho antonor end, more highly magnified , 

c, hi stalked form , d, tri stalked form (After Gatos ) 

have been syzygies or gametocytes m a process of association 
The organism is so remarkable that it would be well worth 
further detailed study 

Habitat — Coelom of the earthworm, Pheretima compta 
Gates Burma, Toungoo Hills 


6. Family DIPLOCYSTID.^ Bhatia, 1930 

Trophozoites fusmg m pairs to form sphencal gametocysts 
Sporocysts sphencal or oval , octozoic 

The family mcludes two genera, Lankesterta and Dtplocyalts , 
only the former is known from India so far 
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Gfenus LANKESTERIA Itfingazzim, 1891 

Lankestcna, Mingazzmi, 1891, p 407, , 1893, pp 60, 63 , Labb6, 
1899, p 46, Mmchin, 1912, pp 327, 329, Wenyon, 1926, 
pp 1121—4, fig 465, Roichenow, 1929, pp 889-90, Bhatia, 
1930, p 161 , Ray, 1933, pp 392-6 , Calkins, 1933, p 559 

Trophozoites more or less spatulate or leaf-shaped, of small 
size Epimente small, described as an anterior pseudopodium- 
like process Gametocysts spherical, produced by association 
of two mdividiials after contraction Sporocj^ts oval, octozoic 
Intestmal parasites of Tunicates, Insects, etc 

Key to Indian Species 

1 (4) Trophozoite elongate 

2 (3) Trophozoites 60-200 p Epimente 

simple or umbrella shaped Nucleus 
spherical, with a single karyosome 
Gametocysts sphencal Sporooysts 
spmdle shaped 

3 (2) Trophozoite with strongly thickened, 

often spherical anterior end Nucleus 
large, with one, two, or many karyo- 
somes 

4(1) Adult trophozoite egg shaped or pear 
shaped, 101 4p by 78 p Nucleus 
large, sphencal, with a smglo karyo- 
some Gametocysts sphencal or broad- 
ly oval Sporooysts spmdle shaped 

20 Lanhesteria cuhcis (Ross) (Pig 22 ) 

"^Cfregartna cultcts, Ross, 1895, p 346 , 1898, p 147 , 1906, pp 102, 
103 

Gregarme sp , Marchoux, Sahmbem, and Simond, 1903, p 713 
Lankesteria culicis, Wenyon, 1911 a, p 273 , 1926, pp 1121—4, 
fig 465, Knowles, 1928, pp 495-9, Reichenow, 1929, p 890, 
Iion-Chou, 1930, pp 361-2, pi am, figs 1-20 

^Lankestena cultcts, Ray, 1933, pp 392—6, pi ar?nn 

Yoimg trophozoites mtracellular m the epithehal cells of the 
stomach of the host-larva, developmg a simple pseudopodium- 
like epimente, by which the full-grown trophozoite remains 
attached to the epithelial cell while hangmg into the lumen 
of the stomach Eventually trophozoites become free and 
move about amongst the mtestmal contents The free-hvmg 
forms have a granular cytoplasm, and at the anterior end the 
remains of the organ of fixation, or epimente, can be detected 
There is a large central sphencal nucleus, with usually a smgle 
large karyosome 

When the larva becomes a pupa, the trophozoites leave me 
gut and enter the Malpighian tubes, within which they associate 
m pairs and form large spherical gametocysts The gametes 
produced by the two Gregarmes are of the same size, but 
differ as regards them nuclei , those produced by one have 


2 


L ciiltcis (Ross), p 77 


[p 81 

L tripteroidcat.Bp nov , 


[Swammath), p 79 
L mackict (Short & 




^Diagram of tho life c\ do of Lanke^sterta ciiltcts (Ross) 
A, escape of eight sporozoites from oocjst, and infection of 
intestinal cells of mosquito lar\a , S, growth of young 
till it protrudes from the cell though remaining 
^tached , C free trophozoite m the lumen of mtestme , 
D, association of two sporonts in the Malpighian tube , 
associated sporonts m gametoc^st, showing nuclear 
midtiphcation , H, nuclei arranged on surface of bodj , 
formation of gametes , K, fusion of gametes , L, zj gotes 
elongated and encysted m oocysts, m which nuclear multi- 
plication and formation of eight sporozoites is taking place 
(After Wenyon ) { x c 1000 ) 
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large nuclei and may be regarded as female gametes, ivliile 
those by the other have small nuclei and may be regarded as 
male gametes The zygotes become elongated and develop 
mto spmdle-shaped sporocysts , and in each sporocyst eight 
sporozoites are developed Wien the adult mosquito hatches 
from the pupal case, its Malpighian tubes contain gametoeysts 
filled "vrith sporocysts The gametoeysts then rupture, sporo- 
cysta escape mto the cavity of the Malpighian tubes, and 
make their way to the intestme, whence they pass mto water 
to await ingestion by other lari set 

Dimensions — free-hving trophozoite measures from oO- 
200 p, m length , a mature sporocyst measures lOp by 6p 
Remarhs — Ra 3 ’ (1933) has published his observations on 
this form Accordmg to luiii two tiTies can be readily 
distinguished Those which infest the oesophagus and anterior 
part of the mid-gut, where the chitmous hnmg is thm and 
smooth, are alua 3 's of intracellular habit and possess very 
feebly developed epinientes , Avhile those m the posterior 
part of the mid-gut, where the epithelium is covered b 3 ’’ a thick- 
ridged chitm, bear a definite epimente and are all groinng 
extracellularly, only anchored to the epithehum by the 
epimente embedded m the host-cell The epimerite is shaped 
like an open umbrella connected by' a very short handle 
The yoimgest forms m both cases measure lOp by 4— 5p 
At the anterior end of the body there is a clear cone-ldce zone, 
which takes up a dark, homogeneous stain, and which, according 
to Ray, IS comparable ivith the protomerite of septate Gre- 
garmes Such differentiation of the anterior portion of the 
cytoplasm is, however, not unknoim in other Monocystids 
possessing an epimente {vide Bhatia and Setna, 1927, figs 18 
19, & 23), and unless there is a definite septum the organism 
cannot be placed among the Sbptata 

The mtracellular forms, when they’^ become too large to 
remain within the host-cells, enter the gut-lumen, where they' 
measure 150-194p by 31-34p The extracellular forms 
attain the same size and, uhen mature, become detached, 
leavmg the epimente embedded m the epithehum 
Habitat — Stomach of the larva, and Malpighian tubes of 
pupa and adult mosquito, Aedes {Stegomyia) eegypti (Linn ) 
India , and Aedes {Stegomyia) albopictus Skuse Bengal 
Calcutta 

21 Lankesteria mackiei (Short & Swammath) (Fig 23 ) 

Certain parasites, Mackie, 1915, p 948 

A Greganne, Christophers, 1924, p 6 , Wenyon, 1926, p llol 

Alonocystxs machiet. Short & Swammath, 1927, pp 539-52, pla li- 
hv, figs 1-18 

A Gregarme, Knowles, 1928, p 601 

Lankesteria mackiet, Reichenow, 1929, p 890 
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The young intracellular stage occurs in a cell of the intestinal 
epithehum of the larva of a sand-fly {Phlebotomns), and is at 
first spherical, but later becomes more or less triangular, unth 
rounded angles, measuring about 23 4 p. in length when 
about to leave the host-cell The adult Greganne occurs m 
the lumen of the gut or body-cavity of the larva, but only m 
the body-cavity of the pupas and the adult fly It is egg-shaped 
or pear-shaped, but it can voluntarily lengthen or shorten 
the body and is considerably compressible Epicyte well 
developed and marked with longitudmal striations Endo- 
plasm very markedly granular Nucleus a large spherical 


Fig 24 



Fig 23 — LanLcsteria macLci (Short & Swaimnath) (After Short & 
Swatninath ) 

Fig 24 — Lankesteria trtpCcrotdest, sp nov (After Guenther ) 


or subsphencal body, measurmg about 30p m its longest 
diameter, eccentrically placed, with a large densely-staimng 
spherical or subsphencal karyosome, measurmg 8—10 p in dia- 
mijter Gametocytes somewhat elongated and crescent- 
shaped, with blunt extremities They are similar, and a pair 
become apposed and surrounded by a cyst Gametocysts 
spherical or broadly oval Hundreds of gametes are formed 
m each gametocyte and are similar m form and size Zygotes 
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secrete an impermeable membrane round themselves and 
become sporocysts The sporocysts, vhen released from the 
origmal gametocyst, are broadly spindle-shaped, termmatmg m 
a knob-Iike projection at each end Each sporocyst contains 
eight sporozoites, applied closely to one another m a tight 
bundle Sporocyst ruptures at one or both poles n-hile in the 
ahmentary canal of the larval sand-flv, and the liberated 
sporozoites attack the epithelial cells of the gut 

Dimemions — ^Young trophozoite (rntracellular) 23 4/i, m 
length , adult trophozoite (free m gut) 101 4 /x in length 
by l^fjL in greatest breadth , nucleus 30/i m length , karyo- 
some 8— 10 m diameter , gametocyst 66 3—105 1 /x m length * 
sporocyst 9 6 /x by 5 8 /x 

Remarks — ^The complete hfe-cj cle of the Gregarme has been 
described by Short and Svvammath and correlated mth the 
different stages m the hfe-history of the host The sporocysts 
of the gregarme are passed out mth the eggs by an adult 
sand-fli' As the larvie hatch out, the sporocysts are taken mta 
their alimentary canal unth their first food The sporozoites 
invade the epithelial cells, an rntracellular stage is passed, 
and the destruction of the host-cells releases the Gregarmes 
either m the ahmentary canal or the body-cavity of the larva 
The groivth of the larvce is accompanied by the gron'th of the 
Gregarmes, but m the pupie the Gregarmes m the alimentary 
canal have completely disappeared, and m both pupae and 
adults adult Gregannes are onlj' found m the body-cavity, 
where all the other stages of gametogony and sporogony 
take place 

Habitat — ^Ahmentarj* canal and bodv-cavitv of the larva 
and m the body-cavity of the pupa and adult of the sand-fly, 
Phlebotomiis argentipes Ann & Brun Assam , also m 
P papatasn Scop , bred out in the laboratory Bengal 
Calcutta 

22 Lankestena fnpteroidesi, sp nov (Fig 24 ) 

fA Monocyatid Gregarme, Guenther, 1914 pp 264— 7, 5 text-figs- 
A Gregarme, Wenyon, 1926, p 1149 

Trophozoite elongate, ivith a strongly thickened anterior 
end which is often spherical and may project laterally. 
Cytoplasm coarsely alveolar and filled with granules There 
are a few vacuoles at the anterior end Nucleus large, with 
a slimy protoplasmic thread extending forwards and backwards 
from it The nucleus contains large dark nucleoli, which 
may be one, two, or many in number 

Habitat — ^Body-cavity, respiratory tubes, and anal gills 
of the larva of the mosquito, Tripteroides dofiemi (Guenther) 
(=Ficalbia dofleim (Guenther)) Ceylon 

SPOE G 
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2. Tribe HETEROPOLARIDEA Bhatia, 1930 
(including Family Choanosporid^ Dogiel). 

Intestinal or coelomic parasites usually of marine animals, 
such, as Polychffites, Nemertmes, Sipunculids, Echinoids, and 
Ascidians Sporocysts mth dissimilar poles The tribe com- 
prises four families {vide Bhatia, 1930), of which only one is 
known, so far, to be represented m India 


Identificahon Table of Families 


1 (2) Sporocysts provided with a typical funnol- 

hke opening at one end 

2 (1) Sporocysts not provided with a funnel like 

opening at one end 

3 (6) Sporocysts oval, with a thickening at one 

pole 

4 (6) Epimento simple and deformable 

6 (4) Sporonts held together by a ball and socket 
joint 

6 (3) Sporocysts spindle shaped, with one side 
sbghtly more prominent than the other 
Gametocysts elongated, sausage like 


[Woodcock 

Urospondse* 

3 

4 [Kamm, p 82 
LeoudinidEB 

[J S Huxley 
GanymedIdBB* 

[Bhatia 

AllantocystidsB * 


iKCnnx.S:" SEDIS 

Sporocysts not known Body non septate, 
with rudimentary epimerite Develop- [Henry 

ment mtracollular Sporonts associative Kofoidinidae * 


Family LEGUDINID^E Kamm, 1922, emend. 
Reichenow, 1929. 

{Syn Doliocystid^ Labb6, 1899 ) 

Body non-septate, distmgmshable from the Monocystids by 
the protoplasm m the anterior xiortion possessmg finer 
granules A typical epimerite for attachment to the wall of 
the gut of the host is present, but may be lost m fully grown 
mdividuals Syzygy does not occur Sporocysts oval, with 
a thickening at one pole Parasites of marme Annelids 

Key to Indian Genera 

1 (2) Epimonte mvaginable, assuming a [p 83 

variety of forms Lfcudina Mingazztni, 

2(1) Epimento of a definite form 3 

3 (4) Epunente bulb like at the end of a long [p 8o 

rigid stylo BnATinnnA Setna, 

4(3) Epimento funnel like, on a long tubular [p 85 

stalk Ferbatua Setna, 
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Genus LECUDINA ]Mmgazzini, 1891 

Gregartna (part), Kolliker, 1848, p 35 
iMMdtna, Mmgazzmi, 1891, p 469 
DoltocysUs, Leger, 1893, pp 204—6 
I^cudina-\-Ophtodma, Mmgazzmi, 1893, p 51 
Oph^o^d■ma Minclim, 1903, p 196 
Doliocyslf^ Mmchm, 1903, pp 202— 3 

Lecudxna, Kamm, 1922, pp 10, 23-6 , Reichonovr, 1929, p 892 , 
1932 pp 31-2 , 1935, p 368 

Body eylindrjcal or ovoid, cytoplasm of the anterior portion 
distmctlj" marked off by the possession of fine granules Epi- 
merite caducous or inv’agmable, able to take for any single 
species onlj’^ a variety of well-determined form>» Intestinal 
parasites of Polychietes 

23 Lecudina brasih Ganapathy & Aiyar (Fig 25 ) 

jLecudina sp , Ganapathy A Aiyar, 1937, p 292 

Youngest stages intracellular ivithin the gut-epitliehiiin, 
ovoid in outline, with a slight concavity at one end The full- 
grown trophozoite is widest at about a third of its length 
from the anterior end, and the nucleus, which is spherical, 
IS situated at that level The pellicle is uniformly thick and 
the cytoplasm granular, except in the prolongation at the 
anterior end These trophozoites he m the lumen of the gut, 
attached to the epithelial cells by an epiinente In the 
fuUy evagmated condition the epimerite has a truncated base, 
5Vith a slender prolongation endmg m a darklj^ staming anchor- 
plate The pelhcle does not appear to be continued over tlie 
epmiente, which has therefore been interpreted as endoplasmic 
in ongm and is capable of retraction and evaguiation 
The epunente is entirely extracellular In the retracted 
state the anterior region of the organism presents a slight 
concavity When the organism detaches itself the anchor-plate 
IS left behmd, and a bubble of cjtoplasm appears to protrude 
from the anterior end , this is in reahty the evagmated epi- 
merite after it has become detached, from the gut-epithehum 
In sections the whole epmiente, excluding the anchor-plate, 
shows famt longitudmal striatioiis Association takes place 
between tivo mature trophozoites, which become surrounded 
by a spherical gametocyst Two lands of gametes are produced 
and conjugation is amsogamous Sporocysts are oval m 
outlme, wuth a characteristic thickemng at one pole Eight 
sporozoites are developed mside each spore 

Dimensions — Trophozoites measure 150/x by SOp,, length 
of epimerite 10-12 (x , gametocysts measure 10 p. in diameter , 
sporocysts measure 6 /i by 4 /i 

Remarks — Ganapathy and Aiyar (1937) have recently 
commumcated a paper describing the different stages in the 

g2 
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life-cycle of the parasite Only a brief abstract has been 
published so far, but through the courtesy of the authors 
I have been able to consult the paper before it appears in print 
As 'first shown by Brasil (1908, 1909), there is a well-defined 
“ epimerite,” but it differs from that organ as it occurs in the 
Cephahne Gregarines It is an invagmable apparatus, which 
IS sometimes hke a comcal trunk as in Lecvdina aphrodites 
(Lankester) or m A polydoree (L6ger) and sometimes hke 



Fig 26 — Lecudtna bras^li Ganapathy & Aiyar Trophozoite attached 
to the gut wall (After Ganapathy and ^yar ) 

a spherical button as m A elongata (Mmgazzmi), but the form 
of the trophozoite is different from any of those species, and 
resembles that of L pdlucida (Kolhker), in which the epimerite 
18 described as a simple small papiUa I do not agree with the 
authors in thinkmg that the epimerite is endoplasmic Their 
figure, shows that the thick pellicle does not extend forward 
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over the epunento, but they describe striations which are 
certainly epicytal The so-called epimente is merely a deform- 
able prolongation of the anterior end, and when the anchor-like 
portion breaks off there is a large ivound through which the 
entocyte would seem to flow out Tlie trophozoites are 
parasitized by MefchntLoveUa sp 

Habitat — Intestine of Lumhnconereis sp Madras, Madras 

Genus BHATIELLA Setna, 1931 
Bhatxdla, Sotna, 1931, p 203 

Epunente m the form of a bulb-hke structure at the end 
of a long rigid style 

24 Bhatiella morphysae Setna {Fig 26 ) 

'\Bhatiella morphyss;, Setna, 1931, pp 203-4, pi v, figs 1, 2 

Sohtary, non-septate Gregarme, with a pear-shaped body. 
Widest ]ust behmd the middle Epimente m the form of 



a distmct bulb-like structure at the extreme tip of a long ngid 
style Dehiscence by simple rupture, no sporoducta 

Dimensions — ^Trophozoite, maximum 200 fj, by 103 /i, 
minimum 100 p. by 40 p 

RemarLs — The epunente is about one-fourth the total length 
of the body, and its style is broad at the base and slender at 
the apex The protoplasm does not show finer granules m 
the anterior portion of the body The nucleus is eUipsoidal, 
situated in the postenor half of the body, and contams a 
relatively large karyosome 

Habitat — iMid-gut of MorpTiysa sanguinea Montague (— M 
furcellata Crossland) Andamans, Port Blair 

Genus FERRARIA Setna, 1931 
Ferrana, Setna, 1931, p 205 

Epimente a ■wide-mouthed, fiinnel-like structure on a long 
tubular stalk 



86 


sponozoA 


Remarks — Setna (1931) has described the Gregarine as 
septate, and placed it in the family Polyrhabdimdse Kainm 
Reichenow (1929), however, considers that the presence 
of a septum in Polyrhahdina as described by Kamm is an error, 
and the septate appearance is due to the protoplasm m the 
anterior portion of the body being more finely granular 
He has consequently amalgamated the family Polyrhabdmidae 
Avith Lecudimdae Setna describes and figures the protoplasm 
as dark and finely granular throughout, and indicates the 
septum as a clear area, which ma}- be an. artefact 

25 Ferrana cornucephali Setna (Fig 27 ) 

fjPermna cornucephali, Setna, 1931, pp 20 >-6, pi v, figs 3-5 , 
pi VI, fig 1 ^ 

A solitary, rather stout-bodied Gregarine Epimerite a wide 
mouthed, fuimel-hke structure on a long, slender, tubular 
stalk Nucleus large and spherical, with a large central 
karyosome In the digestive tract of a polj chaste, quite 
commonly attached to the intestinal wall, or free in the lumen 
of the gut 



Fig 27 — Ferrana cormicephah Setna (After Setna ) 

Dimeyisions — ^Trophozoite, maximum 300 /a by 91 
mimmum 243 p. by 81 p. 

Remarks — Setna has described the form as a septate Grega- 
rme, but this is protably an error (see remarks under the genus) 
He gives ratio of length of protomerite to total length of 
trophozoite as 1 4 , Avidth of protomerite to width of deuto- 
merite as 1 16 The anterior part (so-called protomerite) 
IS hemispherical to subglobular, widest behind The posterior 
part (so-called deutomerite) is elongated, cjdindrical and 
ovoidal, mdest about its middle and well roimded postenorK 
There is little or no constriction at the septum, which 
appears to be indicated by a clear area between the anterior 
and the posterior portions 

Two distinct types of gametocysts and sporocysts -nere 
encountered m the mid-gut of the host, but neither vas 
definitely associated ^vlth the trophozoites of this or of the 
preceding species One type consisted of spherical gameto- 
cysts, measuring 90-100 p. in diameter, and full of oval sporo- 
cysts, measuring 10 /x by^ 4 5 /x Sporocj'^sts escape by rupture 
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of the gamecocysts The other t 3 ^e of gametocyst contained 
a mass of verj’^ pecuhar sporocysts, 20 ju. by 4 ^ m size^ and -yyith 
rounded^ antenor and posterior ends , eacb sporocyst is bi- 
laterally symmetrical, covered by a thick membrane, and 
contains a well-defined nucleus 
Habitat — ^Mid-gut of Moi-physa sangumea Montague {=M 
hircellata Crossland) Andamans, Port Blair 


Incert^ sedis 

Genus DIRHYNCHOCYSTIS Cognetti, 1921 

Dirhynchocysiis, Cognetti, 1^21 a, p 150 , 1925, pp 229, 2rf3 

Echinocystxs, Bhatia & Chatterjeo, 1925, p 197 

Dtrhynchoeyslte, Bhatia, 1929, p 125 , JReichenow, 1929, p 887 , 
Bhatia, 1930, p 165 

Solitary Body ovoid, with two subcylmdncal appendages, 
arising from opposite sides Sporocysts bicomcal, with similar 
poles 

Remarks — Cognetti (1921) describes the two spme-like 
prolongations as anterior and posterior, and regards each as 
comparable to the trunk-hke process arising from the antenor 
end of Rhynduieysits To me these spines suggest a strong 
comparison with the antero-lateral spmes of Ancora, from 
IV Inch the form can be derived b 5 ’’ shortenmg and roundmg 
off the body 


26 Dirhynehocystis glohosa (Bhatia & Chatterjee) (Fig 28 ) 

■fEctnnooysite glohosa, Bhatia &. Chatterjee, 1925, pp 197—9, pi vni, 
figs 18, 19 , pi IX, figs 26, 27 

Dirhynchocysus glhbosa, Cognetti, 1926, p 233 , Bhatia, 1929 
p 125, Reiohenow, 1929, p 887 , Bhatia, 1930, p 165 

Trophozoite possessmg a more or less spherical body, with 
two spme-like structures radiating from the surface Nucleus 



Fig 28 — Dirhynchocystxa glohosa (Bh & Ch ) 
(After Bhatia and Chatterjee ) 


large, generally ovoid, and contauung a smgle karyosome 
Sporocysts bicomcal, with two similar truncated poles 
Dimensions of the trophozoite 74 p. by 65 p. 
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BemarLs — Infection is very rare The young trophozoite 
■within the blastophore has no spine-lilve structures The 
adult trophozoite lives free in the seminal vesicles and possesses 
the spines it has a dark aspect in the Imng condition on 
account of reserve of paraglycogen granules, and shows slow 
movements Form of the adult is hke a globe drawn out 
along one axis Tlie spine-like structures taper gradually 
tow'ards the distal end and consist of a non-graniilar endo- 
plasm covered by sarcocyte and epicyte, thus resembling m 
structure the trunk-hke epimente of Bhtjyichocyslis they 
disappear durmg association Nucleus large, slightly elongate 
and oval, generally situated near the middle of the body, 
and may attain a length of 24 /a it contains a smgle large 
central karyosome Sporoeysts, doubtfully belongmg to this 
species, were unusually large, measuring 28 p, by 14p, and 
one of the sporoeysts contamed only two sporozoites 

Habitat —Seminal vesicles of Phcretivia poslhuma (L Vaill ) 
Punjab, Lahore , Bombay, Bombay Semmal vesicles of 
Eviyphoe,ua sp United Pboitinces, Lucknow 

Genus GRAYALLIA Setna, 1927 

Grayalba, Setna, 1927, pp 335-7 , Bhatia, 1929, p 126 , 1930 
p 166 , Reichenow, 1929, p 887 

Monocystid -with four spines at either end The spine-like 
prolongations arise from the surface of the body at a little 
^stance from the extremities , they are broader at the base 
than at the apex and are subequal 

27 Grayallia quadrispina Setna (Fig 29 ) 

■\Ctrayalha guadnspina, Setna, 1927, pp 335—7, figs 1—3 

The trophozoitje resembles N ematocysti^ in form, watli 
four spme-like processes arising from tlie surface of the body 



at either end and radiating backwards Body chalky- white 
m colour and highly deformable Nucleus large and oval, 
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containing a variable number of karyosomes Cysts and 
sporo cysts not identified 

Dimensions — Size 720-1270/1 in length by 35-50 /li in indth 

RemarLs — ^The endoplasm of the parasite is very granular 
and mobile and, owmg to its very active movements,, the 
parasite assumes a variety of appearances When extended, 
the breadth is comparatively uniform, but when the parasite 
contracts a characteristic shape is assumed The epicjdal 
stnations are well developed over the general body surface , 
they are family visible, and he close together on the spmes 
The sarcoejde is feebly developed and the myocyte is also 
thm , both these layers are contmued mto the spmes, but the 
endoplasm is not The spmes are about 12/t in length and 
are capable of movement, bemg sivung actively from side 
to side or held straight agamst the bodj' In the endoplasm 
are lodged paraglj’-cogen bodies and many small, oval, and 
sometimes rod-shaped bodies, wluch may be parasites 

Habitat — Seminal vesicles of Pherehma heterochmla (Mchlsn ) 
Bombay, Bombay 


2. Legion SEPTATA Lankester, 1885 

(=Cephaliita Delage, excludmg Dohocystidae, or Poly- 
CYSTroEA, sensu stricto) 

The body is divided mto the 'protomerite and deuion^riie 
by an ectoplasnuc septum, and an organ of attachment, 
knoi^Ti as the epimerite, is always present, at least m the earhdt 
stages An end-to-end association of two or more trophozoites 
(syzygy) is common m such the anterior mdividual is called 
the primite, and the posterior ones the satellites Parasites of 
the digestive tracts of Invertebrates, especially Arthropods 

Labbe’s classification (1899) into famihes is generally 
followed with modifications Kamm (1922) divides the 
group into twelve families Reichenow (1929) has combmed 
two of these, Lecudmidse and Polyrhabdmidae, into one, 
which has been transferred to Hablocyta in this work 
Reichenow has also transferred the family Porosporidse to 
this group, while two new famihes, Monoductidae and Hyalo- 
spormidie, have recently been described by Ray and Chakra- 
varti (1933), and a third, Kofoidimdse, by Henry (1933) 
Of these there does not seem to me to be sufficient justification 
for separatmg the Hyalospormidse from the Stenophondse, and 
Kofoidimdse is plac^ under Hapeocyta in this work There 
are thus eleven famihes m this legion 
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1 ( 8 ) 

2 (7) 

3 (4) 


4 (3) 

6 ( 6 ) 


6 ( 5 ) 


7 <2) 


8 ( 1 ) 

9(10) 


10 (9) 

11 ( 20 ) 

12 (17) 

13 (14) 

14 (13) 

15 (16) 

16 (16) 

17 (12) 

18 (19) 

19 (18) 

20 ( 11 ) 

21 


Identification Table of Families 


Sporonts m associationa or sohtary 
Sporonts in a^ociationa of 2 or 3 
Associations of 2 , form syzygies early 
Development mtracellnlar Epimente 
absent or weakly developed Gameto- 

cysts dehisce by sunplo rupture Sporo 
cyst ovoidal, with equatorial Ime 
Associations of 2 or 3 Development 
extracellular 

Epunerite a small srmplo papilla No 
septum m satellites Gametocysts de 
hiBco by simple rupture Sporocysts 
elhpsoidal Entire life cycle m a smglo 
host 

Epimente absent or weakly developed 
Gametocysts dehisce by simple rup 
ture, settmg free “ gymnospores ” 
Cycle shows alternation of hosts 
Sporonts solitary or m associations up 
to 12 Epunerite simple, symmetrical 
Development extracellular Gameto- 
cysts dehisce by simple rupture or by 
spore ducts Sporocysts oval or 
barrel shaped 
Sporonts solitary 

Epimente absent or rudimentary De 
^ elopmont mtracellular Gametocysts 
dehisce by simple rupture Sporo- 
cysts ovoidal, with equatorial Ime, not 
extruded m chains 

Epimente more or less complex Devel 
opmont extracellular 
Gametocysts dehisce by simple rupture 
or by means of a lateral pseudocyst 
Gametocysts dehisce by simple rupture 
Epunerite a large cup bordered with 
hooks and placed on a long, slender 
neck Sporocysts crescentic 
Epimente without a long neck Sporo 
cysts crescentic 

Sporocysts inegular, biconical or cyhn 
dro biconical, not pi ovided with bristles 
Sporocysts with equatorial and polar 
spines 

Gametocysts dehisce by means of a 
lateral pseudocyst or by simple rupture 
Epimente asymmetrical, bearmg digiti- 
lorinorioot like prolongations Sporo 
cysts elongate, syjindncal or ellipsoidal 
Epunerite symmetrical, with or without 
appendages Sporocysts pouch like, 
brown oi black, m chains 
Gametocysts dehisce by a smgle elon- 
gated spore duct 

Epimente a small elevation with prongs 
at its base Development mtracellular 
Sporocysts compressed, broadly spindle 
shaped, with median ridge on dorsal 
surface . 
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1. Family STENOPHORID^ Leger & Duboscq, 

1904 

Development mtracellular Trophozoites sohtary Epi- 
mente absent or of a simple structure Gametocysts dehisce 
by simple rupture Sporocvsts ovoidal, inth broad epispore 
and y-ith equatorial hne Not extruded m J3hams Parasitic 
m Diplopods 

K ey to Indian Genera 

1 {2) Epunente absent or rudxmontarj Sporo- [p 91 

cyst ovoidal, ivith equatorial line Stenophora Labbe, 

2 (1) Epunente small, tongue-Uke, bordered by 

a collar at its base Sporocyst oval, with [Chak , p 92 

a surroimdmg hyalmo membrane Hvaeospokena 

Genus STENOPHORA Labbe, 1899 

Greganna (part), Erantzius, 1848, pp 191—4 
Stenocephalus, Aime Schneider, 1875, p 584 

Stenophora, Labbe, 1899, p 15 , Mmchin, 1903, p 198 , Leger & 
Duboscq, 1904, pp 361—79 , Watson, 1916, p 48 , Kamm, 1922, 
p 10, Reichenow, 1929, p 894, Kudo, 1931, p 297 , Calkins, 
1933, p 561 

Trophozoites sohtar 3 ’ Epimerite absent or a mere knob 
Gametocysts open by sunple rupture Sporocysts oval, ■with 
a broad epispore and ■with an equatorial hne Not extruded 
m chains 

Key to Indian Special 

Epunente round, protomerite bottle shaped, 

with a process at its postenor end , [p 91 

deutomente elhpsoidal Nucleus elliptical S eZZipsoidi Chak , 
Epunente comcal or rounded , protomente 
rounded antenorly and flattened at the 

septum , deutomente elongated, tapering [p 92. 

postenoily Nucleus spherical S Ihagendns'Ra.i, , 

28 Stenophora elhpsoidi Chakras arti (Fig 30) 

'[Stenophora elhpsotdi, Chaki'a\arti, 1934, pp 164—8, figs 1—6 

Young trophozoite intracellular, with a round epunente and 
a bottle-shaped protomente , not known to penetrate beyond 
the nucleus of the epithelial cells Sporonts ellipsoidal 
Epunente persists for some time Protomente m the adult 
has its posterior end drawn out into a small blunt process 
■which produces a depression m the septum Deutomente 
ellipsoidal, grows more rapidly than the protomente Nucleus 
elhptical and vanable in position Gametocysts spheneal, 
develop outside the body of the host, and dehisce by simple 
rupture Sporocyst-s spmdle-shaped, octozoic 
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Dimensions — ^Trophozoite, young 8-10 25 /x in length by 
4/x in width , sporonts 250-372/i. by 50-95 /x , gametocysts 
118-172/a , sporoc 3 '',sts lOyx by 4r/x 

Habitat — ^Mid-gut of a Millipede, Diplopoda sp Bengal, 
Calcutta 

29 Stenophora khagendrae Ray (Fig 31 ) 

•^Stenophora Lhagendree, Ray, 1933, pp 343—51, figs 1—9 

Young trophozoite intracellular, with a hj'ahne, conical 
or rounded epunente Sporonts solitary, “ parrot-shaped ” 
Epimente disappears Protomente rounded at the anterior 
end and flattened at the septum, slightly broader than long 



Fig 30 — Stenophora eUtpsoida Chok (After Chakravarti ) 

Fig 31 — Stenophora I hagendrse Ray A young trophozoite 
(After Ray ) 

Deutomente up to eight tunes as long as the protomente and 
one and a half tunes as broad, broadest shghtly behind the 
septum, and m full-grown individuals gracefully tapermg 
towards the postenor end Nucleus sphencal Gametocyst 
spheneal, dehisemg by simple rupture to release spmdle-shaped 
sporocysts 

Dimensions — ^Trophozoite, young 10-30/i m length by 
6-16/x m width , sporont, 225 p. by 66/x , gametocyst 100- 
123/1 in diameter , sporocj’^sts 10 26/i by 4/x 

Habitat — ^Intestine of a Jlilhpede (belongmg to a new species 
and probably to a new genus) related to Zikadesmus Chamb 
Bengal, Calcutta 

Genus HYALOSPORINA Chakravarti, 1935 

chakravarti, 1935, pp 211—18, Chakravarti & Mitra, 
1936, p 340 

Sporonts solitary Epunente a small tongue-hke elevation 
bordered by a collar at its base Gametes dissimilar , durmg 
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fertilization only the nucleus of the male gamete transferred 
to the female gamete Gametocysts dehisce by simple rupture 
Spores oval, TOth a surroimding hyahne membrane 

Remarks — Characters such as mtracellular development, the 
simple nature of the epimerite, sohtary sporonts, and dehiscence 
of cysts by simple rupture clearly mdicate the relationship 
of the genus with the Stenophoridse In the trophozoite the 
nucleus is tethered to the pelhcle by myonemes, m this respect 
resembhng MoTioductiis, but the spore has a hyalme membrane 
round it and is quite unlike that of either Morwdudus or 
StcTwphora On this basis Ghakravarti places the genus 
in a new family, Hyalosporimdse, mtermediate between 
Stenophoridse and Monoductidse The genus has so many 
characters in common with the Stenophoridae that I do not 
consider it necessary to place it m a new family on the basis 
of the character of the spore alone, especially when we remember 
that the character of the spore is not known for the majority 
of the species of Stenophora noi for both the other genera 
previously referred to the fainiK 

Key to Indtan Species 

1(2) Sporonts 800-1111/1 bv 80-1 11 #x Gam 

etocysts oval, 292-390 p by 263-875 /t [p 93 

Sporocj'stsoval, 8 pby6 /i* H caiiibolopsisas Chalk , 

2 (1) Trophozoites 130-173 p by 37-70 p 
Gametocysts spherical, 96-120 p in 

diameter Sporocysts oval, 6 2 /i bv tp 93 

4 12/1 H rai/t Chak Jlitra 

30 Hyalosponna cambolopsisae Ghakravarti (Fig 32 ) 

’[Hyaloaponna cambolopstsse, Ghakravarti, 1935, pp 211—18, pi v'u, 
figs 1-19 

Youngest forms penetrate the epithelial cells, pass beyond 
the nucleus, and develop mtracellularly Older forms, measuring 
43— 150 /u. by 14^30 /x, are attached to the epithehal cells by 
an epimente and grow extracellularly Epimente a simple 
structure, consistmg of a darkly staimng collar or nng, which 
grasps the host-cell, and a tongue-hke process, which is 
inserted into the cell In still older forms very fine root- 
hke processes are seen to arise from the rmg and project over 
the tongue-hke elevation Erotomente small and conical 
m shape, with its orifice plugged by a dark'ij’^ staimng granule 
which disappears later, the pelhcle becoming thickened in 
this region Deutomerite the longest segment and circular 
m transverse section Longitudmal epicytal striations more 
promment on the deutomerite than on the protomerite 
a very thin homogeneous layer of sarcocyte, and below that 
a layer of circular myonemes or myocyte to which the nuclear 
myonemes are tethered Nucleus spherical, measuring 55 p. 
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by 36/x, and containing a spherical karyoaome measuring 15 p, 
in diameter Two sets of myoneme fibres, arising from the 
nuclear membrane, run backwards and are tethered to the 
myocyte in the side-wall Oval gametocysts are expelled 



Fjg 32 — Hyaloaportna cambolopsism Chaloravarti. A, young tropho 
zoito growmg intracoUularly , B, oldor trophozoite, with 
opunonto attached by tho collar and tho tongue hlco process 
thrust into tho host coll , protomorito is at tho broalong- 
pomt, and shows tholgranulo , (7, adult trophozoite, with tto 
nucleus totliorod to tho side wall by tho myonomos , D, 
mature sporocyst, showing tho liyabno mombrano, and eight 
sporozoites (After Chakravarti ) 
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TPitiL the host’s excreta and complete development in five or six 
days if kept in a moist chamber Gametes dissimilar , male 
gametes have one end pomted and female gametes are spherical 
Dunng fertilization only the nucleus of the male gamete is 
transferred to the female gamete Gametobysts dehisce by 
simple rupture and release oval sporocysts A hyahne mem- 
brape, more pronunent at one pole than the other, surrounds 
each spore, and eight sporozoites are arranged superficially 
along ^e long axis of the spore 

Dimensions — ^[trophozoites, young, attached, 43-1 50 /£ by 
14r-30/x , sporonts 800—1111^ in length by 80-111 /i m 
breadth , gametocysts 292-390 /t by 263-375 /it , sporocysts 
8/x by 6/i 

Habitat — ^Alimentary canal of a Mdhpede, Gambolopsis sp 
Bengal, Calcutta 

31 Hyalosporina rayi Chakravarti & Mitra (Pig 33 ) 

tHyaZosponna rai/i,Chakravorti&Mitra, 1936, p 346, Chakravarti. 

1936, pp 116-20, figs 1-5 

Sporonts sohtary, ivith early mtracellular growth Tropho- 
zoites elongate, the broadest part bemg slightly behmd the 



Fig 33 — Hyalosportna rayi Chak & Mit A, trophozoite, 
jB, sporocyst (After Chakravarti ) 

septum Epimente a rounded structure with a darkly 
staimng area at its anterior extremity Protomente small 
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and triangular in shape wuth a darkly staining dot or special 
t 3 fpe of granules Deutomente broader anteriorly, gradually 
tapermg posteriorly, packed -pnth. granules Nucleus sphencai, 
Tsuth a central karyosome m the young forms, oval m the adult, 
tethered to the jiellicle by two sets of myoneme fibres Game- 
tocysts sphencai, rupturmg by simple dehiscence Sporocysts 
elongate oval, with an outer hj-alme coat ■Rhich is prominent 
at both poles On one side of the spore there is a circular hd- 
hke structure which stains deep broivn with Lugol’s solution 
DiTnensions — ^Trophozoites 130-173/1. by 37-70^ ; gameto- 
cysts 77—116 5 /t in diameter ; sporocysts 6 2 /t by 4 12 /t 
Habitat — Alimentary canal of the Slilhpedes Polyd^rmus sp 
and Strongylosoma conforfipes Attems Bengal, Calcutta 


2 Family GREGAilINXD.-® Labbe, 1899. 

(Syn Ci/EPSiDRTSiDs: L^er, 1892 ) 

Epimente symmetrical, simple Sporonts solitary or m 
associations up to 12 Development extracellular Gameto- 
cysts with or without sporoducts, sporocysts symmetncaL 
Confined mostly to insects 

Kamm (1922) enumerates eleven genera as belon^ng 
to this fanuly, and others have been descnbed smce Only 
five genera are known firom India 

Key to Indian Genera 

1 (3) Sporonts Bobtaiy 

2 Epimente a simple, sessile knob Dehis- 

cence by spore-ducts Sporocjrsts 
barrel shajied, m chams 

3 (1) Sporonts m associations of 2 or more 

mdividuals 

4 (7) SjKjronts associated, m pairs 
5(6) ^junenfce a simple globular or cylmdncal 

papilla Dehiscence by spore-ducts 
Sporocysts barrel shaped or cyhndn- 
cal, in chains 

6 (5) Sstelhfe with a septum Epimente 

dilated antenorly Idee a caulifiower 
and narrower at the base Dehiscence 
by simple ngiture Sporocysts ovoidal 
or sphencai . 

7 (4) Sporonts m associations of 2 to sei eral 

mdividuals 

8 (9) Sporonts attenuate, often attached 

lateraDy Gametocysts not Jmown 
Sporocysts barrel-shaped, with a spme 
at each comer , . 

9 (8) Sporonts m associations of 2 te 12 or 

more Epimente a small tylmdncal 
papilla Gfametocysts sphencai, de- 
hisce by simple rupture Sporocysts 
ovoidal . • 
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Genus LEIDYANA Watson, 1915 


Watson. 1915, p 35, 1916. p 
72 , Reichenovr, 1929, pp 89o-6 , Kudo, 1931, pp 296—7 


Sporonts solitary, epimente. a simple globular sessJe knob 
Gametocyst possesses spore-ducts Sporoc^sts barrel-shaped, 
in chains 


Leidyana giyllornm (Cu6not) Watson {Fig 34 ) 

Clepstdnna gryUomm, Cu5not, 1897, pp 
Oreganna rfiacrocephala, Labbe, 1899, p 10 
O^reganna gryllonim, Cu^not, 1901, pp 59j^ 

Zieidyatui gryllontm, 'Vf&tso'a, 1916, pp 1-0—1, fig 209 
fijetdt/ana grylloruyn^ Bhatia Sc Setna, 1924, p 2So 


Sporonts sohtary, never associative, cylmdncal Ratio of 
length of protomente to total length 1 5 , width of protomente 


Fig 35 



Fig 34 — Leidyana gryllonim (Cuenot) (After Cu5not ) 

Fig 35 — Leidyana xylocopas Bh & Set (After Bhatia and Setna ) 


to Width of deutomente 1 11 Epimente globular and 

sessile Protomente subsphencal, with deep constriction 
at septum Deutomente cylmdncal, generally comcal at the 
end Nucleus sphencal, generally with three karyosomes and 
numerous fine chromatm particles Gametocysts spherical 
or ovoidal Spore-ducts 3-S yu m length , sporocysts barrel- 
shaped 

Dimensions — Sporonts 420 p. m length , gametocysts 190- 
240 p m diameter , sporocysts 7pm longer axis 

SPOB 


H 
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Remarks — ^Watson (1916) has sejjaratcd this species from 
L erraiica , but Bhatia and Setna (tl924) are inchned to doubt 
if L errahca and L gn/llorum are really distinct Specimens 
having a broadly rounded protomente may be rounded pos- 
teriorly, and conversely a specimen which might be referred 
to L gryllorum (by virtue of a deep constriction at the septum 
and a conical posterior end) may possess a protomente which 
IS comcal antenorly Several specimens show intermediate 
conditions in all these respects 

Habitat — Gizzard and mid-gut of Qryllua sp Punjab, 
Lahore 

33 Leidyana xylocopae Bhatia & Setna (Fig 35 ) 

■\Letdyana xylocopse, Bhatia & Setna, 1924, pp 279-81, figs 1-8 

Body elongate and cylmdrical, rounded anteriorly and 
shghtly tapenng posteriorly, chalky-white in colour and filled 
with paraglycogen granules Epimerite a large, simple, 
sessile knob, narrowmg but shghtly near the base Length of 
protomente to total length as 1 10 , ividth of protomente 

to width of deutomente as 1 14 Sporonts always solitary, 
varying m form and size Length of protomente to total 
length as 1 4 6-7 , ividth of protomente to mdth of deuto- 
mente as 1 1 3-1 8 Protomente rounded or dome-shaped, 
and there is a deep eonstnction at the septum Deutomente 
elongate, shghtly broader in the middle and tapenng 
posteriorly , posterior end always rounded Nucleus vanes m 
position in the deutomente, and is a large rounded vesicle with 
a sharply defined membrane and a large sphencal karyosome 
Gametocysts and sporo cysts not knoivn 

Dimensions — Fairly large cephalont 90/a in length , sporonts 
23-174 fjL m length 

Habitat — ^Alimentary canal of the carpenter bee, Xylocopa 
sestuans (Lmn ) Punjab, Lahore 


Genus GREGARINA Dufour, 1828 
Qregartna, Dufour, 1828, p 366 

Clepstdnna (corr Clepsydnna), Hammerschmiclt, 1838, p 355 
Oregarina (part). Stem, 1848, p 199 
Qregartna, Schneider, 1873, pp 615-33 
Clepsydnna, Aira^^ Schneider, 1876, p 572 

Oreyanna^ LabbS, 1899, p 9 , Watson, 1916, p 43 , Kamm, 1922, 
p 11, Wenyon, 1926, p 1117, Roichenow, 1929, pp 894-5 
Kudo, 1931, p 296 , Calkins, 1933, p 561 

Sporonts associatetl m pairs Epimerite a simple globular or 
cylindrical papilla Gametocysts with spore-ducts , sporo- 
cysts barrel-shaped or cylmdrical, extruded m chains 
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Gregarina aoiculata, sp nov (Fig 36 ) 
tQregarme parasite, “ species B,” Ctomirall, 1916, pp 130-1, pi x, 
^ 31 , pi XI, 37, 38 

Yoimg trophozoite intracellular in a swollen cell of the 
stomach Full-groma trophozoite cordate, with a long acicular 
epimerite, penetratmg between the epithelial cells right down, 
to the basement membrane Free mdividuals often assume 
pecuhar shapes durmg syzygy Sporonts coalesce, acquire 
a common capsule, and become small, white, shinmg gameto- 
cysts, only just visible with a lens These cysts are passed out 



Fig 36 — OregarmaaciciilaUijBp nov ,4, adult trophozoite , B, gamoto- 
cyst with spores coming out in a long chain (After Corn- 
wall ) 

With the fasces, and often several are loimd m the same mass 
Gametoeysts possess a thick, smooth wall and a central sporal 
mass In the course of seven days or so protrusions from the 
inside develop mto curved or angular tubes about as long as the 
diameter of the cyst Sporo cysts are then thrust out through 
these tubes m long strmgs Sporocysts -very small, about ift 
by 2/z, symmetrically curved, and jomed end to end Dehis- 
cence IS along one border 

H 2 
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Remarks — ^This species is more abundant than the larger 
one found m the same host 

Habitat — Mid-gatoi Lepismasaccharina'Lmn (?) Madras, 
Coonoor 

35 Gregarina cornwaUi, sp nov (Fig 37 ) 

tGreganne parasite, “species A,” Com>vall, pp 128-30, pi xi, 

figs 31A-36 

Large , clearly visible to the naked eye when freed from the 
stomach of its host In the fully developed trophozoite the 
epimente contams a delicate transverse septum, and is 
divided off from the protomerite by another well-defined 



Fig 37 — Gfregarina comwalh, sp nov A, adult trophozoite , 

B, chain of sporocysts (After Cornwall ) 

septum A trophozoite does not have its attachment in 
any particular cell , the globular epimente appears to be held 
m a cavity, that it has formed, by the pressure of the neigh- 
bourmg cells round its neck Several cells seem to have been 
destroyed to make room for it In dissectioiTs trophozoites 
readily free themselves from their attachments, either leavmg 
the epimente behmd or soon casting it off The remaining 
two segments wander about the field Deutomerite contains 
an irregular-shaped nucleus in its anterior part Nucleus 
contains a distinct, centrally placed karyosome, ivith a ring of 
chromatm material round it Sporonts coalesce and surround 
tiiemselves mth a common capsule Gametocyst rapidly 
becomes globular and is discharged ivith the faeces After about 
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twelve days cysts rupture and allow the contained mass of 
sporocysts to escape The contents of the cyst are long 
strings of sporocysts, mterspersed with residual protoplasm 
Each sporocyst has a thick protective covering and is roughly 
oval, with the curvature greater on one side than the other 
A sporocyst contains eight shapeless sporozoites, grouped 
four and four at each end 

Remarks — ^The form described above is sufficiently distmct 
from G lageTwides (L4ger), the onlj^ species previously known 
from Lepisma saccharina Lmn 

Habitat — ^Mid-gut ofiepisnwsacc^anna Linn (^) Madras, 
C!oonoor 

36 Greganna oviceps Diesmg 

Gregarxna achcUc abbreumlce, Leidy, 1853, p 238 , 1856, p 47 

Greganna oinceps, Diesmg, 1859, p 730 

Greganna achetee, Lankester, 1863, p 94 

Greganna acheta abbreviatee, Labbo, 1899, p 35 , (jrawley, 1903 a, 
p 45, 1903 5, p 639, 1907, pp 220-1, Ellis, 19136, p 266 , 
Watson, 1915, p 34 

Greganna oviceps, Watson, 1916, pp 101—2, figs 191—2 
tGfreganna otnccps, Bhatia & Setna, 1924, pp 287—8 

Sporonts bi-associative, obese Ratio of length of pro- 
tomente to total length of primite as 1 3 or more, ividth of 
protomente to vodth of deutomente as 1 11 Protomente 
hemisphencal to subglobose, width twice the length or even 
more Sbght constriction at septum Deutomente stout- 
bodied, nearly as wide as long, up to twice as long as wude , 
widest at shoulder, where it is very little wider than proto- 
merite Posterior end truncate Epimente simple, and 
elongated like a nipple Endocide denser m deutomente than 
m the protomente, and distinctly marked olf from the sarco- 
cyte Nucleus oval, wnth fine membrane and many fine 
chromatm granules Gametocysts sphencal Spore-ducts 
2 to 5, with maximum length of 1000 p. Sporocysts barrel- 
shaped 

Dimensions — Sporonts, average, 450/i m length by 225 p 
m width , maximum length 500 p , gametocysts 250 p m 
average diameter , sporocysts 4 5 /* by 2 25 
Remarks — ^The sporonts exammed by Bhatia and Setna 
were shorter and narrower, the ratio of the length of the 
protomente to the total length of the primite being as 1 4 
or even 1 5 3 mstead of 1 3, as given by Watson The 
width of protomente was tivice its length or even shghtly 
more The deutomente was stout, and varied from nearly 
as WTide as long up to twnce as long as ivide 

Habitat — Gizzard and mid-gut of Gryllus sp Punjab, 
Lahore 
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Gomis CAULOCEPHALUS Bhatia & Sotna, 1924 

Cavloccphalus, Bhatia & Sotno, 1024, pp 284—7 , Bay & Chatter 
joe, 1936, p. 345 

Bi-associative , satellite with a septum Epimerite dilated 
anteriorly like a cauliflower and narrotving at the base Pro- 
tomerite with a charactetistic speciahzed zone anteriorly 
<3rametocyst9 dehisce by simple rupture Sporocysts ovoidal or 
spherical 


37 Caulooephalus crenata Bhatia & Sotna (Fig 38 ) 

^Caidoceplialua crenata, Bhatm & Sotna, 1024, pp 284—7, tigs 12-23 , 
Ray & Chattorjoo, 1930, p 346 

Body elongate, cyhndirical, densely granular and opaque 
Epimerite usually dilated anteriorly lilce a cauliflower and 



Pig 38 — Caiilocophahts crenata Bh & Sot A, adult trophozoites , 
B, onlargocl view of tho opimonto (After Bhatia and 
Sotna ) 


narrow basally , its surface crenate Protomonte elongate 
and comcal and usually times as long as wide, usually 
widest about the middle, with a charactenstio specialized 
zone at its anterior end There is a distmct constriction at 
the septum Deutomerite cylindrical, 14 to 3 times as long as 
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T>road, "widest at its middle and gradually naixowmg towards 
the rounded posterior end Nucleus large and spherical or 
somewhat oval, and usually placed about the middle or a little 
m front of it, mth a distmct nuclear membrane and one or 
two karyosomes Length of protomerite to total length as 
1 3 3-4 0 , "Width of protomerite to ividth of deutomente 
as 1 1 2—1 5 In the sporonts the protomerite is consider- 

ably reduced in proportion to the total length of the body 
Length of protomerite -fco total length as 1 6 , "width of pro- 
tomente to "width of deutomente as 1 16 Sporonts bi- 
associative Sporonts forming association are much more 
elongate than cephalonts Gametocysts spherical Sporo- 
cysts ovoid or nearly sphencal 

Dimensions — Sporonts 40-142 /l in total length , gameto- 
■cysts al?out 90 fj.m diameter , sporocysts 12 m diameter 
Remarhs — ^The epimerite, though presentmg a crenated 
surface, cannot be regarded as complex , it vanes m appear- 
ance and ultimately becomes simple and symmetrical The 
protomente resembles that of Pyxinoides halani and P cthamalt 
{vide Tregouboff, 1912), but the epimente differs from that of 
Pyxinoides, which is described as a style dilated m the middle 
Ray and C^atterjee (1936) have recently studied this parasite 
from the same host at Calcutta, and are of opmion that the 
cauliflow'er-hke appearance of the epimente is due to the 
action of the fixative or some other disturbmg factor Their 
observations have not yet been pubhshed in full 

Habitat — ^Alimentary canal of the beetle AulacopTiora 
JoieicoUis Kust (=A abdominalis G et H ) Punjab, Lahore 
and Kalka , Bengab, Calcutta 

Genus PROTOMAGALH^NSIA Pinto, 1918 

Protomagalh^sia, Pinto, 1918 , 1923, pp 90—91 (translation, 

pp 25-6), pis 111 , fig 48,&vi,fig 93, Kamm, 1922, p 11, Setna& 
Bhatia, 1934, pp 38-42 

Sporonts m associations of two to several mdividuals, 
often attached laterally Sporonts attenuate Myonemes 
prominent Epmiente unknown Gametocysts unknown 
Sporocysts barrel-shaped, wnth a spme at each comer 

Remarks — In addition to the characters given above, 
Pmto (1923) mentions m the diagnosis of the genus that the 
development is always mtracellular, and that in the syzygies 
the protomente of the satelhte embraces the deu'tomente of 
the pnmite, like a pair of forceps As he places the genus m 
the family Gregarmidse Labb6, m w'hich the development is 
extracellular, the word " intracellular ” is probably a mis- 
pnnt for extracellular 
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38 Protomagalhsensia (?) attenuata Setna & Bhatia (Fig 39 ) 

^Protomagalhsenma (?) attenuata, Setna & Bliatia, 1934, pp 40-2, 
figs 12-22 

Sporonts attenuate, forming early sj'zygies Associations of 



Fig 39 — Protomagalhsensia (?) attenuata Sot & Bh A, free cephalont , 
linear syzygy , C, lateral attachment of satellites to the 
primite , D, three sateUites attached to a primite , E, four 
sateUites attached to the posterior end of the first satelhte , 
F, two pnmites followed by a single eatelhte (After Setna 
and Bhatia ) 
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two to several individuals, often attached laterally Pecuhar 
associations of two pnmites with a single satellite sometimes 
met with Ratio of length of protomerite to total length as 
1 13 , width of protomente to ividth of deutomerite as 
111 Epimente a simple rounded knob Protomente hemi- 
sphencal , deutomente cjdmdncal, rounded or flattened 
behmd Satelhte usually longer than the primite, tapering 
postenorly Nucleus spherical or oval, ivith smgle karyosome 
Gametocysts and sporocysts not known 
Dim&nsicns — ^Associations, maximum length 4:13 {x,, maxi- 
mum width 22 p. , free sporonts 20-70p 
Remarks — ^As in Hinnocyshs (^) parapeneopstst Set & Bh , 
a few cases were seen of a unique type of association in which 
two pnmites were followed by a single satellite Both 
the pnmites and the satellite were of a slender type and com- 
paratively short in length 

In the lateral type of syzygy great diversity of form and 
attachment is met with There may be a sateUite m a lin e 
with the pnmite, and a second satellite arise from the side of 
the pnmite near its postenor end, or both the satellites may 
be attached laterally and diverge like two legs Sometimes 
there are three satelhtes, all attached to the postenor end of 
the pnmite, and m etiU others several mdividuals may be seen 
attached to the posterior end of the first satelhte 

The form resembles Protomagalhasnsta m as much as the 
sporonts are attenuate and form associations of several 
mdividuals, while lateral attachment of sporonts is common 
Spore? m that genus are of a characteristic barrel-shape, with 
a spme at each comer Until the spores are known the species 
cannot defimtely be placed 

Habitat — ^Intestme of the prawn, Parapeneopsis sculplihs 
(Heller) Bombay, Bombay 


Genus HIRMOCYSHS I^ger, 1892 

Etrmocystta (corr HtrmocysUs), LSger, 1892, p 110 
Hrrmocystts, Labb4, 1899, pp 12—13 , Watson, 1916, pp 167-9 , 
Kamm, 1922, pp 11, 74-6 . Roichonow, 1929, p 896 , Calkms, 
1933, p 562 , Henry, 1933, pp 102-9 , Setna &, Bhatia, 1934, 
p 35 

Sporonts m associations of two to twelve (or more) m hnear 
senes, sometimes bifurcated or trifurcated Epimente a small 
comcal or cyhndncal knob, caducous Gametocysts sphencal . 
dehiscence by simple rupture Sporocysts ovoidal, with two 
coats 
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39 Hirmocystls (?) parapeneopsisi Setna & Bhatia (Fig 40 ) 

^Htrniocyshs (?) parapeneopsisi, Sotna & Bhatia, 1934, pp 35-8, 
fige 1-11 

Sporonts stoutly built, fornung early syzygies Associations 
of two or three individuals in linear chains, or unique associa- 
tions of two pnniites wth a single satellite Ratio of length 
of protomerite to total length as 1 5—7 , width of proto- 
mente to "width of deutomerite as 1 14 Epimento a small 
rounded knob Protomerite hemispherical or flattened, 
constricted at the septum , deutomerite cyhndncal or barrel- 
shaped, broadly rounded or flattened behind Satelhte 
longer than the pnmite, second satelhte longer than the first 
Nucleus spherical, with a single karyosome Gametocysts 



Fig 40 — Htmiocyslis {1) parapencopstst Sot & Bh A, onrly syzygy , 
B, chain of two individuals , C, two pnnutes followed by a 
single satolhto, D, single satellite tom osundor by two 
pninites polling apart (After Sotna and Bhatia ) 

spherical or shghtly eUiptical Dehiscence of gametocysts 
and sporocysts not observed 

Dimensions — Associations, maximum length 425 (x, maxi- 
mum width 44/x , free sporonts 40-80 fx 
Bemarks — A few cases were met "with m this species of 
the rare type of association in which two primites were 
followed by a single satellite The pnmites were postenorly 
rounded off and fitted into curved depressions m the anterior 
margm of the satelhte In other cases two satelhtes ran into 
one another and showed partial or complete fusion, the deuto- 
merite contammg one or two nuclei 

The form resembles Hirmocystis in as much as the sporonte 
form associations of two or more, and the epimente is small, 
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knob-bke, and caducous , but the species cannot be definitely 
placed m that genus until the dehiscence of the cyst and the 
form of the sporocysts has been observed 

Habitat — Bitestme of the prawn, Parapeneopsis scidptilis 
(Heller) jBosebay, Bombay 

k Family ACTESrOCEPHALID^ Leger, 1892. 

Sporonts always sohtary Epimente symmetrical, simple 
or with appendages Gameto cysts dehisce by simple rupture 
Sporocysts irregular, bicomcal or cyhndncal, with conical 
extremities not provided with bnstles 


Genua STEININA LSger & Duboscq, 1904 

Steirnna, Ldger & Duboscq, 1904, p 352 , Watson, 1916, p 256 , 
Kamm, 1922, p 79 , Wenyon, 1926, p 1151 , Reichenow, 1929, 
p 900, Kudo, 1931, p 298, Calkins, 1933, p 562 

Epimente a short, mobile, digitiform process, changmg mto 
a flat crenulate disc Sporocysts bicomcal 

40 Steinina metaplaxi Pearse (Fig 41 ) 

t«S'<«tntTja metaplaxi, Pearse, 1933, p 293, fig 3 

Body robust, somewhat flattened Epimente nearly sphen- 
cal Protomente wider than long, rounded antenorly 
Heutemente rectangular, with rounded angles There is 



Pig 41 — Steinina metaplaxi Pearse (After Pearse ) 

a heavy pelhcle around the protomente and the deutomente 
FTueleus elhpsoidal, longest axis lying across body, situated 
usually at end of anterior third of deutomente, but the position 
vanes Syzygy apparently does not occur 
Himensxoms —%ptytovA,, length 40-60 p, breadth 18-20 ft, 
protomente 16ft by 10ft , deutomente 25ft by 18ft , nucleus 
6ft by 7ft 
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Hermrks — ^The genus has previously been reported from 
beetles and fleas only I doubt if the species has been correctly 
referred to the genus Stumna, as m that genus the epimente 
IS a short, mobile, digitiform process changmg into a flat 
crenulate disc 

Habitat — ^In the intestme of the Indian crab, Mciaplax 
dmtipes Heller Bengal, Port Canning 


4. Family DACTYLOPHORID^ Leger, 1892. 

Epimente complex Sporonts sohtary Gameto cysts dehisce 
•with lateral pseudocyst or by simple rupture Sporocysts 
elongate, cylindrical or elhpsoidal Parasites m Chilopoda 


Genus GREBNECKIELLA, nom nov 
(=Nina Grebnecki, 1873) 

Nina, Grebnecki, 1873, p 264 

Plcrocep^jolus, Aim6 Schneider, 1887, pp 67-8, Labb6, 1899, p 17, 
Leger, 1899, pp 390-3 , Minchin, 1903, pp 171, 172, 190, 198 , 
Leger & Duboseq, 1903, p 333 

mna, L4ger&Duboscq, 1909, pp 33-68, Sokolow, 1911,pp 281-2 
PUrocephalus, Minchin, 1912, pp 173, 327, 329, 330, 339 
Nina, Watson, 1916, pp 44, 82-4 , Kamm, 1922, p 16 
PUrocephalus, Wenyon, 1926, pp 74, 1141 , Knowles, 1928, p 500 
Nina, Reicbenow, 1929, pp 904-5 , Kudo, 1931, pp 74, 298 , 
Calkms, 1933, p 562 , Reichenow, 1935, p 370 

Protomerite formed of two long, narrow, honzontal Jobes, 
fused and upturned spually at one end Peripher 3 ’' shows 
many teeth, and long slender filaments project from it 
Cyst dehisces by pseudocyst Spores long-ovoidal, umted 
m oblique chains j In the intestine of Mjuiopods 
RemarLd — ^The name Nina is preoccupied for a molluscan 
germs, Nina J E Gray, 1850 The second name, Pterocephalus, 
IS also madmissible, bemg preoccupied for an elasmobranch 
fish, Pterocephaliis Swamson, 1838 It may mcidentally be 
remarked that the name Pterocephalus has also been "wrongly 
used for a Nematode (O Linstow, 1899) and a Trilobite 
(P Raw, 1907) I have, therefore, renamed the genus 
Crrebnechiella, after the authoi of the type-species 


41 Grebneckiella navillse (Mitra & Chakravarty) 
tNina nainUm, Mitra & Chakravarty, 1937, p 1 

Sporon'ts sohtary Game'tocysts oval Sporocysts spherical 
to oval, 'With two envelopes , liberated in chains 
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Dimensions — Sporonte 8I9-976/i by97-190/x, gametocj'sts 
126-1 75/x by 95-125^ 

BemarLs — observations have not yet been pubbsbed, 
and it IS not certain that the form is distinct from other 
previously known species 

Habitat — In the intestmo of Scolopendra sp Beijoal, 
Calcutta 


5. Family MONODUCTIDiF Ray & Chakravarty, 

1933. 

Sporonts solitary Epimente a small elevation -with prongs 
attached to its base Gametes dissimilar Gametocysts 
dehiscmg by a smgle elongated spore-duct Sporocysts 
compressed, of broad spmdie-shape, with median ridge on 
dorsal surface 


Genus MONODUCTUS Ray & Chakravarty, 1933 
Monoducius, Bay & Chatcravarty, 1933, p 359 
With the characters of the family 

42 Monoduotus lunatus Ray & Chakravarty (Fig 42 ) 

■fMonodiictus lunatus. Kay & Chakravarty, 1933, pp 352-60, pi u 
toxt-figs 1—5 

Yoimg trophozoite mtraceUular Full-grown trophozoite 
elongate, widest sbghtly behmd the septum Epimente 
knob-like, with twelve to sixteen stiff, radiatmg processes 
attached to its neck Protomente more or less comcal, 
relatively very small, with an orifice at its anterior extremity, 
through which longitudmal myonemes run connectmg the 
base of the epimente ivith a raised disc-hke platform arzsmg 
from the middle of the septum There is a series of transverse 
myonemes also, just underlymg the pellicle Eeutomente 
elongate, circular m transverse section, wnth circular myonemes 
well developed, and with the cytoplasm usually packed with 
granules, w^hich give the orgamsm an opaque yello wash -white 
appearance Nucleus contains a smgle spherical karj'-osome, 
and is shaped like a parachute, a number of fibrils runiung 
back from its posterior concave surface which vary the form 
and position of the nucleus Fnor to association, sporonts 
develop posterior pseudopodial processes by which couplmg 
is effected A thm transparent cyst is formed round the paired 
gametocytes The sphencal gametocysts are expelled wath 
the host’s excreta and complete their development m three 
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or four days if kept moist There is no distmction between 
the gametocytes, but one gives rise to slightly drawn out 
and pomted (male) gametes and the other to perfectly 
eUiptical (female) gametes Sporocysts compressed, truncate 
at one pole, and with a meian ridge They are released 
through a single spore-duct m a long chain formed of pairs 
set obhquely 



Fig 42 — Monoductus lunatub Ray & Cliak A, adult, B, same, 
showing the orifice in the protometeiite and the longi- 
tudinal myonemes passing through it (After Rav and Clink 
ravarti ) 


Dimetisions — Full-grown trophozoite 225-445 /x by 33- 
4=1 fL , length of epimerite 7 5-10 25 ju, nucleus SOft by I2p., 
gametocysts 225-230/x , sporocysts 10 25/z, by 4/i 

Habitat — ^Ahmentary canal of a Milhpede, Strongylosoma 
cohtortipes Attems Bengal, Calcutta 
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II. Suborder SGHIZOGREGARINARIA 
Leger, 1900. 

{Syn Amogbosporidia A Scluieider, 1881 ) 

The Schizogregarmes are parasites of the digestive tract and 
appended organs (e g , Malpighian tubules) of Arthropods, 
.^amehds, and Tunicates The sporocyst gams entrance mto 
the digestive tract of the specific host and the sporozoites are 
set free These develop mto trophozoites either m the lumen 
of the gut or withm the cells of the host and imdergo schizogony 



Fig 43 — ^Lifecycle of a typical Schizogiegarme, Schizoci/slt-g qrcgart- 
noxdes Leger A, sporozoite escaping from the spore , B-L, 
growth of the sporozoite into tlie multmucleate schizont, of 
which there are two types, the \enniform schizont (a) which 
attaches itself to the epithelial cell by its anterior end, and 
the massive schizont (b) which hes free in the gut of the host 
F, division of the schizont mto a number of merozoites, which 
may grow mto sohizonts agam (G^, G^), or grow mto gamonts 
{(P) , H, yoimg gamonts , I, association of two full grown 
gamonts , J, formation of a common cyst round the tw o 
K, division of nuclei m each gamotocyte , L, formation of 
gametes , M, fusion of gametes m pairs , N, each zygote 
becomes an oocyst and develops eight sporozoites m it 
(After Leger ) 
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which may be bmar> or multiple fission or buddmg As m 
EuGBEGAiiiNARiA, two full-gTOwn trophozoites (sporonts) 
associate and give rise to gametes, which conjugate to produce 
zygotes Each zygote becomes an oocyst The number of 
oocysts produced by each pair of gametes vanes from one to 
thirty Each oocyst, popularly called a spore, contains one 
to eight sporozoites 

Leger and Duboscq (1908) divided the suborder into Poly- 
sporidea and Monosporidca according to the number of 
oocysts produced by a pair of associated Gregannes Fantham 
(1908) on the other hand divided the group into Endoschiza 
and Ectoschiza, according as schizogony took place within a 
cell or was extracellular respectively Keilin (1923) is of the 
opinion that neither of these classifications is a natural one, 
and that it is not impossible that the process of schizogony 
lias been secondarily acquired by some members of the 
Eugkegarinaria and that the various genera of ScinzooRE- 
GABINARIA Will ultimately be distributed among the families 
of the Etjgbegarinaria Wenyon (1926) and Bay (1930) 
have supported tins view 

Keichenow (1929; does not group the genera mto families, 
but Minchin (1912), Eoflein (1916), and Calkins (1926) recog- 
nized a number of families, each based on one or two genera 


1 (7) 

2 (4) 

3 


4 (2) 
■5 (6) 

6 (o) 


7 (1) 

8 (16) 
9 (12) 

10 ( 11 ) 


11 ( 10 ) 


iz (9) 
13 (14) 


Identification Tabic of Families 


Gamotocyst contains a single oocyst 
Oocyst contains a single sporozoite 
Gregarino spirally wound or cres- 
centic , schizogony intracellular 
Oocyst contains eight sporozoites 
Greganno ovoicl, with an opimorit-o , 
schizogony intracellular 
Groganne conical, \\itli psoudopodial 
processes along its base , schizogony 
extracellular 

Gamotocyst contains many oocysts 
Only one typo of schizogony 
Schizogony intracellular 
Greganno elongated, m ith longitudinal 
stnations, and chromatic bodies at 
the anterior end Gamotocyst con- 
tains many oocysts, each containing 
four or eight sporozoites 
Gregarme oiongato Gamotocyst con 
toms sixteen oocysts, each containing 
eight sporozoites 
Schizogony extracellular 
Greganno vermicular Gometocyst 
contains large number (about tliirty) 
of oocysts, each containing eight 
spoiozoites 


2 

3 


[Dub 

SpirocyslIdJB ♦ Leg & 


5 


[Porter 

Mcrogreganulda} • 


[&Dub 

Ophryocystidce * Ldg 


S 

9 

10 


Selenldiidse * Brazil + 


Lipotropliidse * Keilm 
13 


[Dub 

Schizocystidse ♦ Log & 


j- According to Ray (1930) certain species of Sclemdium do not 
show any schizogony 
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14(13) Gregarine o\oid, with a process for 
attachment Gamotocyst contains 
eight oocysts, each containing eight 

sporozoites Gaulleryellidss ♦ Keilin 

15 (8) rwo types of schizogony, one intra- 
cellular and the other oxtracellular 
Gametocyst contains a large number 

of oocysts, each containing eight fyailenskv 

sporozoites Menzebieridas * Bogo 

Up to the present time nobody has worked on the 
Schizogregannes of India 


II Order COCCIDIA Leuckart, 1879. 

The CocciDiv have a wide distribution, occurring as para- 
sites in the Vertebrates as w'ell as the higher Invertebrates 
TJiey are generally foimd as parasites of the epithelium of the 
digestive tract and associated glands Alternation of genera- 
tions IS mvariahly present asexual reproduction is hy 
schizogon3% and is followed by sexual reproduction by, in 
most cases, anisogamy During the whole of their giowth 
the male and the female gainetocjdes are apart and develop 
independently of one another The male gametocyte generally 
produces a relatively large number (six oi more) of male 
gametes Both kinds of reproduction take place m the body 
of one and the same host (except m the Aggiegatidse and 
the Hnemogregarimdip) The Coccima are dmded into two 
suborders, as follows — 

1 Gametocytes dissiimlar in size , associated 

iiith each other during the later part of [p 113 

trophic life , microgamotes few Adeleidea L6ger 

2 Gamotocj-tes similar in size , independent, 

each microgometocyto de\ eloping mto [p 156 

numerous microgainctes Eimendea L^ger, 


I Suboider ADELEIDEA L6ger, 1911 

The sebizonts develop into micro- and macrogametocj^tes 
which become closely associated and develop in contact wutli 
one another The microgametocrte produces a few* (tw'o or 
four) nucrogametes The zygote divides into numerous 
sporohlasts, each of wlueli develops into a sporocyst with two 
or four sporozoites These sporozoites, winch are small 
gregarmulse, penetrate the epithelial cells of the host and 
grow into large rounded or oval schizonts (agamonts) The 

SPOR I 
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nacliiis undergoes repealed division and the schizont divides 
into a c-orresponding number of merozoites. "which are set 
&ee m rhin tie lumen of the organ Each merozoite infects 
another ceiL Afier sererai such generations the merozoites 
develop within the ceil in*‘o micro- and macrogametoevtes 
I/eger {I9il) divided the suborder into three fanuhes, 
HsmogregarinidSj Ijegerelhdre and Adeleidre on the basis 
of the number of sporoevsts and contained sporozoites 
Beichenow (1921 and i929) grouped all the genera m a sinck 
family, Ade’etds Leger emend. Xolier (192S), after con- 
sideration of the various scheme^; proposed, is in favour of 





■" — m *> 2 e life-c^CiS g. ’-3 g.”''e53.*i a *yp cs* raevbe— 
o'" eubj-d^-. {yl~fy) j A of rracregra- 

Eird njc-ogsir-’'^Gcvi^ , S nurivi” Civi^cm m 

m-tTV^"a?‘rywle Bsd roTua* G-i o*‘i:aTri=*'r ruciSi- C SDOvt- 
cm' "sn'lj sTKS'wCi'es. fF rom ''it'enyou, a'^er Scli>='Tack.) 


employing L^ers Fvstem. as a matter of practical con- 
venience until a generally recognized na‘urai system can 
be adopted. 

FcDo'vring Kudo (1931) the suborder is here divided into 
two families Adeleids and Hemogregarinidre which corre- 
spond to the two snborders of similar name of Wenyon 
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Identification Table of Families 

1 (2) Parasitic m the epithelium of the digestive 

tract and its appended glands, chieflj of 
ln\ ertebrates Zj’gote motionless , be 
comes enclosed in a resistant oocyst 
■which does not increase in size The 

se-vual and asovual cycles occur m one [emend , p 115 

host Adeleidffi Leger, 

2 (1) Parasitic in the cells of the circulatory 

system of Vertebrates, Zygote motile , 
forms an oocyst which mcreases in size 
Alternation of hosts, ase'vual cycle m 

a Vertebrate and seicual cvde in an [Leger, p 117. 

Invertebrate HasmogregannidSB 


1, Family ADELEIDJE Leger, 1911, emend. 

Two gametocj’tes, one of winch is smaller m size, unite in 
a land of pseudo-conjugation The nucleus of the micro- 
gametocyte divides once or twice, and one of its products 
enters the macrogamete and fuses -with its nucleus The 
zygote 13 motiouless and becomes enclosed m a resistant 
oocyst, which does not mcrease m size The se'vual and 
asexual cycles occur in the same host They are intestinal 
parasites of Invertebrates, and infection is contaminative 
Wenjmn (1926) raised the group to the rank of a suborder, 
under the title Adeleide.v, and divided it into four families ' 
VIZ, Dobelhdse Ikeda, 1914, Legerellidse Leger, 1911 
Adeleidas Mesnd, 1903 , and Klossielhdse Wenyon, 1926 
Reichenow (1929) and Kudo (1931) place the family^ Dobellidfe 
m the suborder EuiERniEA The other genera so far kno 5 \m 
can conveniently be treated as belonging to a smgle family 

Key to Indian denera 

1 (2) Oocyst thin-walled, containmg numerous [p 115 . 

disc shaped spores Adelea Schneider, 

2 (1) Oocyst thick- walled, contammg smaller [p H 6 

number of spherical spores Adelina Hesse, 


Genus ADELEA Aime Schneider, 1875 

Addca, Aim6 Schneider, 1875, p 598 , Schaudum & Siedlecki, 1897, 
p 193 , Labbe, 1899, p 56 , Perez, 1899, pp 694-6 , Mmchm, 
1903, p 233 , Dobell, 1907, pp 155-62 , Jollos, 1909, pp 249- 
62 , Schellack & Reichenow, 1910, pp 380-3 . 1915 pp 425-60 , 
Leger, 1911, pp 71-88, Dobaisieux, 1911, pp 259-66, Mmchm, 
1912, p 352, Gremer, 1918, pp 522— 9 , \Ven\on 1926, p 1069 
Noller, 1928, p 189, Reichenow, 1929, p 912 Kudo 1931 
pp 377-8 , Calkms, 1933 p 544 

The zygote develops mto a large thm-walled oocyst which 

i2 
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contains a variable number of flattened sporocj sts, each mth 
tv?o sporozoites Other characters as in the suborder and the 
family 

43 Adelea pachelahrse de Mello 

I^Adelea pachdahrec, do Mollo, 1021 p 242 
Addca pachylabr.v, Wonyon, 1020, p 1000 
Addca pachdabrtc, Boicliono'w, 1929, p 912 

Schizonts show a sexual dmioiphism INIacroschizont-s 
rounded or oval, mth the evtoplasin markedly alveolar, 
containing granules of reserve material and the nucleus 
surrounded bj a distinct membrane Binary fission equal or 
unequal, leading to formal ion of up to sixteen nuclei hlicro 
scluzont has a feebly alvtol.ii, non-granular c>’toplasm, 
and the nucleus is comji.ict and stains deeply Macro- 
mcrozoito is oi.il, with alveolar cytoplasm and spherical 
nucleus jMicromero/oite is oval or fusiform, and its nucleus 
oontams a distinct karyosomt Fertilization is pieccded by 
the association of gametes, one or seveial male gametes 
(miciomerozoites) being attached to a female gamete (niacro- 
merozoile) Female gamete is rounded oval and possesses 
a voluminous nucleus uhuh does not show a karyosome 
^lale gamete is generally smaller and attaches itself to one 
ot the poles of the female gamete Zygote develops into an 
oocyst with two bmiuic.itc s^ioroblasts, each nucleus repre 
scnting a future spoio/oito Sporoc\sts di/oie 

JicmarLi — Wen;\on (lOJb) tonsiders it doubtful if this 
paiasitc belongs to tins g< mis 

Hahilai — Tntcstme and digestive glands of a klollusc, 
Pachdabru mcedra Reeve PouTUGunsn Inpi \, Nora Goa 

Genus ADELINA Hesse, 1911 
Khs‘>ia (part), AinuT Schncidor, 18S5, p 7 

Addca (part), Labbc, 1890, p 536, 1899, p 5b. jMinchm, 1903. 
pp 233. 235, 332 

Adelina Hesso, 1911, pp -vv-nix, Wonjon, 1920, pp 1070-2, 
Reichonow, 1920, pp 912—4, Kudo, 1931, p 278, Calkins 1933, 
p 506, Roichanou, 1935, pp 371—2 

Ooej’^st tliick-w ailed Sporocjsts sphoncal and compara- 
tively few' in number 

44- Adelina schellacki Ray &, Das-Gupta 

Adchna scheUaekt, Raj & Das Gupta, 1937, p 291 

Oocvst oval or egg-shaped, without residue , eight spheiical 
sporoblasts, antli tw'o sporozoites, developed in each within 
10 to 15 daas if the nnsegmented oocysts are kept m a moist 
chamber The oocystal membrane ruptures after being m 
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the moist chamber for four or five da^'s, and along with this 
the unused niicroganietes are discarded 

Habitat — Intestine of the centipede, CormocepJiahis dentipes 
Poc Bengal, Calcutta 


2. Family iLEMOGREGARINID^ Leger, 1911. 

The researches of Reichenow and others have shown the 
coccidial nature of the Hsemogregarines, long known to occur 
in the red or white blood-corpuscles of all classes of Vertebrates 
They are in reahty Coccidia, which have certam stages adapted 
to fife uathin the circulating cells of the Vertebrate blood 
Schizogony may or may not take place in the blood-corpuscles 
but the gainetoc^des always enter the blood-corpuscles The 
fertilization process is of the Addea-typa The formation of 
oocyst and sporozoites takes place in the body of the blood- 
suckmg Invertebrate, vluch m turn transfers the sporozoites 
to a second Vertebrate host 

The group is also related to Rankest erellidse, in vhich the 
Ide-cycle is tj-pical of that of Eimeride vand takes place either 
in the uitestine (the usual habitat of Coccidia) or in endothelial 
cells of the blood-vessels 

Wenyon (1G26) raised the group to the rank of a suborder, 
imder the title Hiemogregarimdea, and divided it mto three 
fanufies lu , Hiemogregarmidie Neveu-Lemaire, 1901 , Hepa- 
tozoidie IVenvoii, 192b , and Karyohsida?, Wenyon, 1926 
Reichenou (1929) included the Hsemogregarmes, as veil as 
Addca and related genera ip a single family Adeleidse Leger 
emend I have, hovever followed Kudo (1931) m placing 
the Hamiogregarines in a separate faimly from the Adeleidse 

Key to Indian Genei a 

1 (3) Schizogonj in the red blood corpuscles 

of the internal organs of a Vertebrate 

2 Gnmotogony and fertilization m the 

bodj of blood ‘5uckmg Imcrtobrate 
(leech) Oocj st small, directly pro 
clutmg eight sporozoites, m ithout form- 
ing sporocjsts 

3(1) Schizogony not in the red blood cor 
pusclos 

4 (a) Schizogonj m cells of the internal organ<^ 

(li\ er, spleen bone narrow , etc ) oi 
leucocytes of Vertebrates Gaineto 
gonj and fertilization in the body of 
a blopd sucking In\ ertebrate (tick, 
mito, etc ) Oocyst mcreases enoi 
mously m size, produemg sporoblasts 
sporocysts, and sporozoites in the 
oocy st 


[Danilew sky , p 119 
Ha’mooregarika. 

4 


[p 145 

HEPA.TOZOOK Miller, 




Fig 45 — Lifecycle of Hmmogreqarma stcpanowi Damlowskj Tlio 
figures to the right of tho dotted lino represent the phases 
m the blood of the tortoise , those to tho loft tho phases m 
the leech A, sporozoite , J3, G, early schizogony producing 
a largo number of morozoites , D, morozoito penetrating a 
blood corpuscle , E—H, later schizogony, m which few 
morozoites aro produced , in F is seen tho recurved vcrmiculo 
within the corpuscle , I, free morozoito about to enter 
a corpuscle and repeat tho stages D-H, or to initiate tho next 
phase , J, K, final schizogonous generation whicli produces 
tho gamotocytes , Lj, Jjj, sexually difTorontiatod morozoites 
which grow up into micro (Mi) and macrogamotocytes (ill.) 
respectively, and develop further in tho leech when taken 
up by it , N, association of micro and macrogamotocytes 
in tho gut of tho loocli , O, formation of four microgamotes 
by the microgamotocyto , P, one of the microgamotes has 
penetrated tho body of tho macrogameto and fused with its 
nucleus , Q, zygote with synkarvon, the degenerating 
remains of tho male gamotocyte are attached to it, and are 
also soon m the next four stages , J?, T, successive di\ isions 
of the synkaryon , TJ, ripe lyst containing eight sporozoites 
(From Minchm, after RcicliPiiow ) 
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5 (4) Schizogony in the endothebal cells of 
blood vessels of a Vertebrate Game- 
togony and fertilization in the body of 
a mite Oocyst produces sporoblasts, 
which aro liberated as motile x’-ermicules 
and infect the host’s eggs The imte, 
hatched from the egg, has the sporo- 
cysts in Its mtestmal epithelium These 
are cast off and \ oided with the fiEces, 
which are eaten by the Vertebrate host 

The sporozoites make their way to the [p 154 

endothebal cells Kaeaclysus Labbe, 

Genus afflMOGREGARINA Danilewsky, 1885 

Hscmogreganna, Damlewsky, 1885, pp 588-98 

Damleu-ehya, Labb^, 1894, p 124 

DandetLsLya+ Lavcrama, Billet, 1895, p 30 

Hecmogrcyanna, Labbe, 1899, pp T6—7 , hlmchm, 1903, pp 265, 
26&-7, fig 77, 1912, pp 372-6, Wenyon, 1926, pp 1081-4, 
Eeichenow, 1929, pp 924—7 , Thomas &, Robertson, 1929, 
pp 104-5, 109-10, Kudo, 1931, pp 279-81 , Reich enow, '1932, 
p 45 , CaUcins, 1933, pp 545, 567 

Schizogony takes place in the red blood-corpuscles or other 
cells of the body of Vertebrates, merozoites escape from 
the ongmal host-cell and infect other corpuscles or cells After 
several generations 'merozoites develop mto gametocytes m 
the red blood-corpuscles These are taken up "with the blood 
by an Invertebrate (leech), in the gut of tihich association 
of the micro- and macrogametocytes occurs The gameto- 
cytes escape from their host-cells, become more or less spherical, 
associate in pairs, and a cyst-ivall is formed, enclosmg both the 
macro- and microgamctocyte The mierogametocyte produces 
two to four microgametes, and the macrogametocyte forms 
a smgle macrogamete One of the microgametes fertilizes the 
adjacent macrogamete, and a small oocyst is formed The 
oocyst directly produces eight sporozoites yvithout the formation 
of sporocysts 

The genus vas founded by Damlewsky for the Hsemogre- 
garme H siepanowi Damlewsky of the European tortoise 
The hfe-history was described by Reichenow (1910) and may 
be followed from fig 45 

45 Hsemogreganna berestnefli Castellam & Willey (Fig 46 ) 

'\Hsemoyregarina sp (probably new), Berestneff, 1903, pp 343-8, 
pi vui, figs 1-9 

Hsemogreganna beresfneffi, Castellam A, Willey, 1905, p 397 

^Hsemogreganna sp , Patton, 1908, p 319 

^Hsemogreganna berestneffi, Dobell, 1910, p 67, pi u, figs 3—8 

Hsemogreganna berestme£l, de Mello, de Sa, de Sousa, Dias, & 
Koronha, 1917, p 13 

"^Hsemogreganna sp , Donovan (first recorded in Wenyon, 1926, 
p 1398) 

Hsemogreganna berestneffi, Wenyon, 1926, p 1398 , Scott, 1926, 
p 238 

Hsemogreganna cncaps-ulsc, Wenyon, 1926, p 1398 
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Intra-corpuscuiar individuals of various forms and sizes, 
manj'^ of them shoAvmg a characteristic pmk-stainmg sheath 
Free greganniform individuals actively motile in the blood 
plasma Small forms enter by bormg directly mto the cor- 
puscle Occasionally the organism, on reachmg the inside 
of the corpuscle, rests for a few minutes and then ivriggles out 
a gam mto the plasma 

Dimensions — Length 2^2S [jl , -width 4—5 5jx 



Fig 4G — Hxmogrcgai ma bcreslnefi Cast Will A, intra corpusculai 
form , B, free form (After DoboH ) 

Remarks — ^According to BerestnefF the parasite lies ivithm 
a stiongly refrmgent colourless capsule, both ends of vhich 
are rounded and curted, the whole embracing the displaced 
nucleus of the corpuscle after the maimer of a Haltcndnim , 
it bhoAvs a very close resemblance to H magna, found m the 
same hosts, but differs by the possession of a capsule The 
parasite Avas named H hercstnejfi by Castellani & Willey 
(1905), A\ho, hoAiever, did not find the parasite in hosts of the 
same species from Ceylon Dobell (1910) found the species 
in Rana iigrina from Ceylon Patton (1908, p 319) notes 
that he had the opportunity of studpng no less than fiAe 
Haimogregarmes m R figrina and R hexadacfyla and also in 
the leech AA'luch transmits them, but he does not mention the 
species encountered Wenyon (1926, p 1398) records H en- 
capsulx Berestneff as a parasite of R hmnochans and both 
H encajisulse Berestneff and H berestnejji Castellani & Willej' 
from R tigrina The name D encapsulm Berestneff is an 
error, as Berestneff did not give this name to his lorm, and 
so it must be treated as a synonjan 

Habitat — Blood of Rana hgrvna Daud and R limnocliaris 
Wiegmann Bombay, Bombay , i?ana tz£rnna Daud Ceylon, 
Colombo , R tigrina Daud and R hexadactyla Lesson, and 
m the leech AA'hich transmits them Madras, Madras , 
R hgnna Daud Pobttjguese India, Nova Goa , also 
R tigrina Daud from India, in the Zoological Gardens, 
London 
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46 Haemogregarina cantliei Sambon & Sebgmann (Fig 47 ) 

■\Hiemogregarina sp , Laveran, 1905 (as noted m Wenyou, 1926, 
p 1392) 

■\Hsemogregartna cantliei, Sambon & Sebgmann, 1907 c, p 1650, 
1907 6, p 310 

■\Hiemogregaj~tna sp , Patton, 1908, p 318 

HcBmogregarina cantbei, Dobell, 1008, p 293 , Phisalix, 1913, 
pp 304— 7, 6 figs , Castellam & Chalmers, 1919, p 487, Wenj’-on 
192C, p 1392 

Ussmogregarxna sp , Wenyon, 1926, p 1392 

Adult sporonts club-shaped, the anterior third rounded or 
globular and the rest of body tapering to a slender tail , en- 
closed within thick sausage-shaped capsules Nucleus median 
or nearer posterior extremity, oval or irregular m outhne and 
with chromatm frequently arranged m cross-strands 



A B C D E 

Fig 47 — H lemogreganna canthet Samb & Sebg A, uninfected cor- 
puscle , B, intra corpuscular form surrounded bj- a capsule 
G, D, same -mthout capsule , E, free forms (After Phisalix ) 


Dimensions — ^Free sporonts, 16-18p. m length by 3 3p, 
m breadth , tail 2— 3/i m length , nucleus 4/i long by 3/^ 
broad 

Habitat — ^Blood of the snake, Frya: comcus Schneid {-Gongy- 
lophis comcus) IVIadkas, Madras 


47 Haemogreganna hankini Simond (Fig 48 ) 

^Hmnogreganna Jiankint, Simond, 19016, pp 183—5, 1901 e, 

pp 331-8, pi 

fHwmogrcgarina sp (? Zf hankim Simond), Dobell, 1910, pp 68, 79, 
pi u, figs 9, 10 

Hsemogreganna hankin', Castellam A Chalmers 1919, p 486 , 
Wonyon, 1926, p 1396 

The parasite has two forms, vermicular and oval The 
vermicular forms are large, doubled-up in the red blood- 
corpuscles m the circulatmg blood Sometimes the two 
limbs approximately equal m thickness, sometimes, one 
considerably thicker than the other Nucleus a compact 
mass of deep, purple granules (Giemsa -stained) The oval 
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forms also contain a nucleus which may be compact or frag- 
mented " Certam large forms are schizonts 
Dimensions — Vermicular form, length 12—15fi , schizonts, 
20 ft. in diameter 
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Fjg 48 — Hesmogrcqartna hanLint Simond A, largo form with com- 
pact nucleus , parasite with two nuclei, due to two 
parasites adhering together , C, oval form, with a number 
of nuclei arranged on the periphery , D, young parasite 
with dispersed nucleus , Ji, larger form with dispersed 
nucleus (n, nucleus of corpuscle , p, parasite) (After 
Simond ) 

Remarhs — ^According to Simond two forms of the parasite 
are met with, viz , vermicular and oval In the young 
vermicular form the nucleus is compact or fragmented mto 
a number of granules arranged in each limb of the parasite 
The parasite is always doubled upon itself, the two limbs bemg 
parallel and sometimes m contact with one another In the 
oval form also the nucleus may be compact or fragmented 
Cells with incompletely developed merozoites were observed m 
the lung These schizonts were spherical, and contained 
30 to 40 fusiform merozoites without any residue of segmenta- 
tion If it he confirmed that schizogony takes place m the 
lung, the species will have to be transferred to the genus 
Hepatozoon 

Habitat — Blood of Gavialts gangeiicns Gmehn United 
Provinces, Jumna River , Croeodilus porosus Schneider (^) 
India (exact locality not cited) , and Crocodilus porosus 
Schneider Ceylon, Daduganoya, Veyangoda 

48 Haemogregarina laverani Simond (Fig 49 ) 

fHssmogregarina laierani, Simond, 1901 c, pp 327—31, fig 2 
Hmmogregarina laieram, Castellani &/ Chalmers, 1919, p 487 , 
Wenyon, 1926, p 1395 

■^Hsemogregarina laverani, do Mello, 1932, pp 1412-4, pi i, 
figs S 1-S 14 

Young stages amoeboid, measurmg barely 3/x in diameter, 
provided with a small nucleus and many small cyanophil 
granules disposed either in the form of a coil or a horseshoe 
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Frequently the young stages are in the form of a nunute 
vermicule bent upon itself, the limbs adhermg in such a manner 
that it IS diflS^cult to distinguish tins form from the amceboid 
Full-groMTi stage large, renifoim, containing, besides the 
nucleus, two large refrmgent ovoid granules, and occupying 
a considerable extent of the surface of the corpuscle The 
vermicular stage is much smaller than the remform stage 
and does not extend beyond half the length of the corpuscle , 
it possesses a bulging end and a short drawn-out tail, bent 
round on the su ollen portion 
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Fig 49 — Hrtnogrcgartna laieram Simond A, joung amoeboid stage 
■« ith a nucleus , B, young stage m which the cyanophil 
grams are dispersed in the form of a coil , C, young stage 
m which the cyanophil nuclear substance is in the form of 
a horseshoe , D, yomig \ ennicular stage , E, full grown 
stage folded upon itself and showmg tw o refrmgent granules 
(From do Mello, after Simond ) 

RemarJs — ^The chief characteristic of the species is the 
possession m most of the stages of two refrmgent granules, 
u hich serve to distmguish this species from all others 

Habitat — Blood of Lissemys ‘pundala granosa (Schoepff) 
United Provinces, Agra 

49 HEemogregarma leschenaultu Robertson (Fig 50) 

■j■fl■^eHl 03 ^C 5 arJ^o?esc 7 ^€^OM^^l 7 , Robertson, 1908, pp 182, 184, figs 4—7 
Hscmogregarina leschenaitltit, Wenyon, 192G, pp 1388 

Hffimogregarme mth two free motile forms, only present 
m the blood (1) slender free form with dense nucleus , 
no granules in the cytoplasm , rather actively motile 
(2) broad, massive, granular form , less active, period of move- 
ment succeeded by period of rest Two intra-corpuscular 
forms also present (1) long recurved form correspondmg 
exactly wuth the slender free form , causes hypertrophy of 
the corpuscle , this is alw'ays the prevaihng type m an m- 
fection (2) broad form with reticulate nucleus, growmg 
to a somew’^hat larger size , never very numerous even m a good 
infection 
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Dimensions — ^Free motile forms, length 26-28/i, broad, 
mtra-corpuscular form, 30 /j. 

Habitat — ^Blood of the lizard, Hemidaclylus leschenanlti 
Duni & Bibr Ceylon, Tnncomalee 





Fig 50 — Hiemo(jregarina Ic^chcnanltn Robertson A, broad intra* 
corpuscular form , B, broad free form , G, slender recurved 
intra corpuscular form , D, slender free form (After 
Robertson ) 


50 Hsemogreganna magna (Grassi & Feletti) (Fig 51 ) 

Hecmogrcgarma ranariivi (part), Kruso, 1890, p 541 , Colh A 
Sanfohte, 1891, p 604, pi v, figs 10—18 
Drepanidtuin niagniim, Grassi & Feletti, 1891, p 82 , 1892, pi i, 
fig 15 

Drepamdium Knisci, Labbe, 1892, p 617 
Danileiaskya kriisei, Labbd, 1894, p 127 
Hsemogreganna magna, Labbc^, 1899, p 76 
•^Damlewskya kntsei, Borestneil, 1903, p 347, pi vin, tigs 0-13 
H-emogreganna magna, Patton, 1908, p 319 (?), Wenyon, 1920, 
p 1398 

Adult form oval, very large, may be folded upon itself m 
the corpuscle 

Habitat — Blood of Bana tigrina Daud , R limmochans 
Wiegmaim Bojibay, Bombav , R tigrina Daud Habeas, 
Madras 


51 Hsemogreganna malabanca de Mello (Fig 52 ) 

^Hmmogregartna malabanca, de MoUo, 1932, pp 1411-25, pi n, 
figs A-D 

Two forms are present (1) The vermicular form consists 
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of a sausage-shaped body with a caudal appendage which is 
always apphed to the body along its concave border The 
convex border is bounded by a thm band of protoplasm which 



Fig 51 — Hwmcgreganna viagna (Grassi & Felotfci) A, young intra- 
corpus cular form, adult oval form , C, adult form folded 

upon Itself, D, uninfected corpuscle Umnfeoted corpuscles 
are also shown with A, B, and O for the sake of comparison 
(After BerestneS ) 



Fig 62 — Hiemogreganna malabanca de Mello . A, free vermicular 
form , B, mtra-corpuscular venmcular form , G, mtra- 
corpuscular bean shaped form , D, cyst, containing eight 
merozoites , E, E, larger merozoites found m the hver cell 
A, B, C as seen in the blood , D, as seen m smears from the 
hver, E,F, as seen m sections of the hver (After de Mello ) 


stams a clear blue or sometimes violet with Romanowsky’s 
stam, and is thicker at the pole at which the nucleus is situated, 
becommg narrower to form the tail , the tail does not extend 
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to the other pole of the body The micleus is nearly always 
found near the zone of separation of the tivo parts, and 
contains irregularly dispersed chromatin particles The body 
18 more or less filled -with metachromatic granules The 
parasitized corpuscles become hypertrophied, measuring 20- 
25 /X, whereas the normal corpuscles measure 16-18 /x (2) The 
remform or bean-shaped forms are found in verj’^ much smaller 
numbers than the vermicular ones The nucleus is rounded 
and central, but may sometimes be situated close to one of the 
poles , it contains chromatm granules or rods The cyto- 
plasmic constitution 18 also different from that of the vermicular 
form In one of the poles there are two or more vacuoles , 
there may be vacuoles, but fewer in the other pole also The 
parasitized corpuscle is h 3 rpertrophied, but is enlarged m its 
width rather than m its length, measurmg 17-18/x by 14-16/1 
Schizogony takes place m the hver, and is of two types, 
resulting ' in large and small merozoites Cysts are found 
in the hver of the host , they are rounded, -with a thick 
membrane, and contam 8 rounded or falciform merozoites 
The free merozoites are generally found in pairs In sections 
of the hver the cysts contauung 8 merozoites are not en- 
countered, but larger merozoites, 12-16 /x m size, occur smgly, 
or in groups in 2, 4, 8 or larger numbers 

Dimensions — Vermicular form 17-22 /x, remform type 
8-12 /X , cysts, diameter 18-20 /x , merozoites 6-8 /i of 12-16/i 

Remarks — ^This species is recognizable from H laverani 
by the young stages not being amoeboid and the vacuoles 
bemg inconstant in number and occurring at one or both 
poles of the remform stages , the vermicular stage also differs 
m being larger than the rehiform stages, in occup 3 nng nearly 
the whole of the corpuscle, and m having a tail nearly' as long 
as the body of the parasite The species resembles H viUata> 
in possessmg cysts -with 8 merozoites, but in H malabarica 
the cysts are regularly spherical, whereas in U vittaiss they 
are navicular and the remform stages of that species contam 
so-called plastids Schizogonj’^ in the lungs or in the blood 
does not occur m this species, though it is known to take place 
m others 

The species also somewhat resembles H nicortee, but is 
clearly marked off from it by the non-existence of a clear pole 
the chromatic granules filhng completely the opposite pole, 
the tail bemg closely applied to the body, the vermicular 
forms bemg larger and more abundant than the bean shaped 
forms, and by the chroraatoid granules fiUmg up the cvto 
plasm , 

Habitat — ^Blood, hver, bone-marrow and other viscera of 
the Indian tortoise, Lissemys punctata granosa (SchoenffJ 
POETTIGTTESE INDIA, Nova Goa 
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62 Hasmogregarina mesmli Simond (Fig 53 ) 

‘^HBemogregarina mesritlt, Simond, 1901 a, pp 150-2 , 1901 e, 

pp 322-7, fig 1 

H'smoffregarma mcsmU, Caatollani & Chalmers, 1919, p 487 , 
Wenyon, 1926, p 1395 


The young stages are amoeboid The older stages may be 
either vermicular with a distmct hom-hke prolongation bent 
upon the mam body, oval or reniform, slender and doubled, 
or folded mto three parts The nucleus may be fragmented 
or compact 

Dim&nsions — ^In the folded forms the total length of the 
parasite may exceed 30/t 



Fig 53 - — Hsuncgrcgarina vics-nih Simond A, young amoiboid stage , 
jB, horned \ermicular stage, showing two nuclei , G, adult 
reniform stage with colourless granules , Z>, "v ermicular 

stage, with two equal limbs , E, very long vermicular stage, 
folded tivico over, with thine hmbs mterlacmg together , 
F, fragmentation of a schizont, with free merozoites (After 
Simond ) 


Remarks — ^The young amceboid forms measure 3-6 /a m 
length and contam a fragmented nucleus The homed vermi- 
cule stage recalls the appearance of Hsemoproteus mefchmkowi, 
described by the same author from Chiira tndtea The rem- 
form individuals are often seen to be filled with refrmgent 
colourless granules The elongate vermicular forms are 
uniform m diameter throughout the greater part of their length, 
and are folded mto two equal limbs, or m the largest mdividuals 
folded twice over, the three hmbs mterlacmg hke a figure of 8 , 
a characteristic not met with m other species 

Habitat — Blood of Kachuga tectum (Gray) United 
Pro\inces, Jumna River 


53 Hsemogreganna mirahilis Castellam & Willey (Fig 64 ) 

^Hmmogregarina mirabilis, Castellam & Willey, 1904, pp 86-90, 
figs 28^8 , Patton, 1908, p 318 
Hmmogregartna mirabilts, Dobell, 1908, p 294 
fHaunogregartna mirdbihs, Plimmer, 1913, p 149 
Hasmogreganna miTabilis, Castellam & Chahnors, 1919, p 487, 
fig 153 , Wenyon, 1926, p 1394 
'\H8smogregarina mtrtibilis, Scott, 1926, p 236. 

Form elongate, thick, Gregarme-hke and bent, cytoplasm 
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(mth Romanowsky’s etain) stains tmiform blue, leaving no 
clear pole, the nucleus is stained reddish-blue and is near 
the antenor pole 



Fig 54r — Hsemogregartna mirahihs Cast & Will A, mtm corpuscular 
form bent double , B, parasite within tbo capsule inside 
a corpuscle , C, D, parasite emerging from the cyst and the 
corpuscle , E, F, free forma (After Castellani & Willey ) 


Dimensions — ^Length about 12 (i. 

Bemarhs — Castellani and Willey (1904) descnbed the 
occurrence within the corpuscles of parasites of relatively 
large size and slightly crescentic or remform shape, and con- 
sisting of a membrane (cyiocyst) inside which developed an 
elongate body {monozoiie) with a well-defined nucleus 
This organism escaped from the cytocyst and the corpuscle 
and became a freely motile orgamsm m the blood The 
exact stages cannot be determined from their description, 
but probably they were deaimg with the development of the 
gametes from the gametocytes 

Habital — Blood of Troptdonoius aspemmus Bouleng 
Ceylon , and Tropidonotus piscator Schneider Ceylon (also 
in specimens from Ceylon m the Zoological Gardens, London) 
Madkas, Madras 


54 Hfflmogreganna naj» Laveran (Fig 55 ) 

Hasmogreffanna najsi, Laveran, 1902, p 1037, figs 1—3 
'^Hssmogregarvna najm, Patton, 1908, p 318 

Hazmogregarxna najm, Dobell, 1908, p 293 
^Hsemogregarina najse, Plimmer, 1912, p 413 , 1913, p 149 , 1914, 
p 188, 1916, p 85 

£r«?wo^eyarin<jna^«, CaBtellsm& Chalmers, 1919, p 487, Wonyon, 
1926, p 1110, pi xix, figs 8-10, p 1393 
fH^mogregarxna najse, Scott, 1926, p 236 , 1927, p 189 

Intra-corpusculai form elongate, vermicular, rounded at 
one end and dxa\vii out at the other When fully developed, 
bent upon itself Nucleus oval, more or less elongate, 
situated about the middle 

Dimensions — Vermicular form 14/x. m length, fully 
developed form 21— 22p, by 3 p, at the rounded end 
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RemarLs — Schizonts of this species were discovered bv 
Wenyon (1909) m the lungs of Naja hajse m the Sudan 



ABC 

Fig 55 — Hiemogreganna najse Laveran A, elongated form , B, re- 
curved form , O, form liberated from the corpuscle (After 
Laveran ) 

Habitat — ^Blood of Naja naja (Linn ) Madras, Madras 
(also in specimens from India .m the Zoological Gardens, 
London) 

55 Haemogreganna mcorise Castellam & Willey (Fig 56 ) 

■\Hmmogregariiia ntconm, Castellam & Willey, 1 904, pp 85-6, figs 17— 
27, Patton, 1908, p 319, Robertson, 1908, p 178, lOlCL 
pp 741-62, pis 3£xjai-xli, Dobell, 1910, p 68, Ale^oieff, 
1912, p 97 

Heemogregarma nicorue, Castellam & Chalmers, 1919, p 486 
Wenyon, 1926, pp 1084, 1106, 1396 , Reichenow, 1929, p 927 

Form elongate, Greganne-hke, with one end granular and 
the other end clear, the central nucleus bemg a more or less 
diffuse aggregation of chromatm granules Sometimes the 
orgamsm is bent round upon itself Schizogony takes place 
m the blood-vessels of the lung and produces nearly 70 mero- 
zoites, or in the circulatmg red blood-corpuscles producmg siv 
to eight smaller merozoites which grow mto gametoc 3 rtes 

When the Hsemogregarines are taken together with the 
blood of the tortoise mto the crop of the leech, some of them 
pass into the mtestme and are there found as motile vermicules. 
Thej”" penetrate mto the mtestmal waU, where the differentia- 
tion of the hitherto mdistmgmshable gametes takes place, 
culminating m a process suggesting anisogamous conjugation. 
The zygote breaks up to form eight sporozoites, which pass 
through the intestinal wall into the blood-spaces The 
Hjemogregarme is probably passed mto the blood of the tortoise 
through contammation of the woimd by the leech uhile 
feedmg 

Dimension ^ — ^Length 12/a 

Remarks — ^The hfe-history of the orgamsm, as worked out 
by Robertson, confirms m all essential respects that described 
by Reichenow (1910) for H stepanow% In H nicor%ss 

S?OB K 




Pig 6G — Hsemogregartna mcortie Castellaru & Willey A, bean shaped 
Haemogreganno, with circular type of nucleus , B, early 
stage of schizogony in the blood stream , G, late stage of 
schizogony m the l ung , D, fully-formed merozoites, only 
a very few of the total number formed shown m the section , 

E, free motile stage m the lumen of the mtestme of the leech , 

F, microgametocyte lying closely applied to macrogameto 
cyto , O, the microgametocyte givmg nse to the micro 
gamete nuclei, one of which fuses with the nucleus of the 
macrogamete, hf, sporocyst with eight nuclei , J, sporocyst 
showmg sporozoites t After Robertson ) 


Habitat — Blood of the tortoise Geoemyda trijiiga (Schweiger) 
and m the leech Ozohranchus shipleyi Harding OEyLON, 
Colombo , blood of the tortoise I/issemys punctaia granosa 
(Schoepff) and in the transmitting leech Madras, Madras 
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5G Hsemogreganna nucleobisecans Shortt (Fig 57 ) 

^Hn-mogrc^anna nxtclcobi'iccans, Shortt, 1917 pp 408—12, pi vtvi, 
figs 1—17 

Hicmogregartna btsccans, Wonyon, 1926, p 1397 
\H'vrnogregarma Bp ,Dono\.an(firstrocordodm%Vonyon,192C,p 1397) 
■^Hicmogrcgarina sp , Wonjon, 1926, p^ 1397 , Scott, 1926, p 236 



Fig 57 — Hmmogregarina nuclcobtsecana Shortt A, mature undxx’-ided 
scliizont, S, division of sohizont, <7, cyst, containing 
merozoites , jD, E, single infection of an erythrocyte , 
F, double infection of an erythrocyte , Q, treble infection of 
an erythrocyte, H, parasite passing out of ruptured 
erythrocyte , I, parasite free in plasma (After Sliortt ) 

k2 
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Scliizogony only m the hver The mature sohizont broadly 
ova] and lying m a thm-walled cyst closely surrounded by 
hepatic cells The cyst grows larger, large number of nuclei 
are produced, and a correspondingly large number (some- 
times as many as 115) of very small merozoites are produced 
Each merozoite has a piidc-stammg, hyahne protoplasm 
and a well-marked nucleus Gametocytes intra-corpuscular, 
sausage-shaped, shghtly curved, and lying ivith concave 
border applied to the nucleus of the host-cell Sometimes 
a gametocjrte may he ivith its convex border towards the 
nucleus, or may occupy one end of the corpuscle Sometimes 
one or both extremities are elfilated and slightly recurved 
The gametocytes may vary considerably in size each is 
enclosed in a thick capsule the cytoplasm stains (with 
Leishman’s stam) an azure-blue or famt pmk colour, and 
contams a large ovoid nucleus, stainmg a dull crimson Tivo 
or three gametocytes may be found m the same coipuscle 
Free forms are found in the plasma, liavmg escaped by 
ruptiue of the corpuscle, leavmg the empty capsule behmd 
Sporogony not known The secondary host may perhaps 
be a blood-suclung worm, ATigiostoma sp , foimd in the lung 
of the toad, or a sand-fly 

Dimensions — ^Mature schiznot 16/x by 7/i , fully developed 
cyst 28-30 /a by 24 5-26 /a , merozoite 3 /a by 1 3/a , gameto- 
cytes j&:om 9 5/a by 4/a to 21 S/a by 4 8/a 
Habitat — ^Blood of Bufo melanoshcus Schneider Punjab, 
Ambala , Delhi , United Pbovinoes, Cawnpore , alsolrom 
the same host from India in the Zoological Gardens, London 

57 HaBmogreganna pythonis (Billet) 

Danilcxvskya pytlioms. Billot, 1896, p 30, figs 1-3 
Hfcniogregarina pythonxs, Lobbd, 1899, p 70 
•\Ha:moqrcgartna pococki, Sambon, 1907, p 283 
\Hvamogrcgarina sp , Patton, 1908, p 318 
Hmmogregarina pocockt, Doboll, 1908, p 293 
H’vmottreganna pythonis, Johnstone, 1012, p 235 
jHicmogrcgarina pococki, Phmmer, 1912, p 412, 1013, p 148, 

1914, p 189, 1916, p 85,' 1917, p 32 
^H’cmogrcgariTia ep , Phisahx, 1913, pp 1062—4 
Hnsmogrcgartna pythonis, Costollani & Chalmors, 1919, p 487 
Hccmogreganna sp , Wonyon, 1926, p 1393 

■\Hxmogregaimapococ7ui,'WoTiyon,\92G,ig 1393, Scott, 1926,p 236 

Intra corpuscular Body club-shaped, often folded in the red 
blood-corpuscle Anterior extremity broader and rounded 
Posterior extremity attenuated and recurved Cytoplasm 
more or less granular Nucleus median or nearer posterior 
extremity, large, oval, and with coarse, deeply staining 
chromatin granules Parasite lies parallel or obliquely to 
long «ixis of host-cell, of which it occupies about two thirds 
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without causing much alteration beyond displacement of 
nucleus 

Dimensions — 14^16 p. m length 

Remarks — Plimmer found the host-cells often deformed and 
generally diminished m size Johnstone (1912) regards 
H pococki Sambon as identical and synonymous with 
H pifthonis (Billet) 

Hahtfat — ^Blood of Python molums (Lmn ) jMadras, 
Madras , also m specimens from India m the Zoological 
Gardens, London 


o8 Hsemogregarina rara Laveran & Mesml (Fig 58 ) 

fHicmogrcganna rara, La\ornn &, Mcmil, 1902, p 611 
Hiemoqrcganna rara, Castcllani & Chalmers. 1919, p 487 , Wenjon, 
1926, p n95 


Intra-corpuscular or free The mtra-corpuscular form is 
elongate or curved mto the shape of an arc, ivith one of the 
extremities rounded and the other more or less attenuate 
Sometimes the parasite hes m one part of the corpuscle without 
displacmg its nucleus, at other times it is strongly recurved, 
and the nucleus of the corpuscle is pushed to one end When 
the organism is liberated firom the corpuscle it is fusiform. 



Fig 98 — HvmogrLqartna lara La\eran & Mesml „1, elongated 
B, curved form , C, form leaving the corpuscle D E, free 
in the plasma (After Laveran and Mesml ) 


transparent, and motile, and possesses a very elongate and 
clear nucleus In the stamed preparation (with Lsishman's 
stam) the cytoplasm is of a light blue colour and is finely 
granular, with large chromatoid bodies The nucleus is 
elongate, cyhndrical, nearly ahvays swollen at the ends, 
and is stamed deep violet It occupies about two-thirds of 
the length of the bodj' Multiphcation appears to be by bmary 
fission Other stages of development have not as yet been 
discovered 

Dimensions — ^Average length 15^ by 2-3 /x m ividth 

Habitat — ^Blood of the tortoise, CJnnemys reeiesii (Gray) 
Ceylon 
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59 Haamogregarma rodriguesi de Mello, de Sd., do Sousa, 
Dias, & Noroiiha (Fig 59 ) 

'\HtLmogrcgar‘inn rodrujuesi, do Mello, do Sa, de Sousa, Dias, & 
Noronha, 1017, pp 13, 14, pi i, figs 8—14, do Mello, 1934 a, 
p 1786 

rH'emogreganna piocnc'v,Ao'!i'lo\\o,di<i Su, do Sousa, Dias, & Noronha, 
1917, pp 14, 15, pi I, figs 15-17, do Mello, 1934 a, p 178G 

The parasite occurs in t'vvo forms, elongate or shorter and 
stumpy In the extra-corpuscular form it is gregarmiform 
and without a capsule Cytostome stains blue with Leishman’s 
stam, and the nucleus is elongate, rectangular, generally 
compact, rarely vesicular, occupymg a large part of the 
parasite and situated near one or other extremity The 
intra-corpuscular stage has the same appearance, but possesses 
a large clear capsule containing sometimes one or two vacuoles 
in the centre The short and stumpy form is equally broad 
at both poles, and lias a less extensive capsule 



ABC D E 

Fig 59 — Hivmogrcgarina rodi tgucst do Mollo, do Su, do Souso, Dibs, 
& Noronha A-D, ultra corpuscular forms , E, free form 
(After do BIollo and others ) 


BemarJ^ — ^The parasite is very common, 50 per cent of 
the hzards examined bemg mfected It could not be deter- 
mined whether schizogony takes place m the blood or m the 
mternal organs Tlie short stumpy form was originally 
described as a separate species under the name of H proencat, 
but de Mello (1934 a) has amalgamated the two 

Habitat — Blood of Hemidactylus brooki Gray Poktuguesf 
India, Nova Goa 


60 Haemogregannastepanowiana Laveran& Mesnil (Fig 60) 

^Hsemogrcgarina etcjxmowtana, Lavoran A. Mcsnil, 1902, pp 609^10. 
figs 1-5 

Hremogrcgarina stcjmnowiana, Castcllam A Clialmors, 1919, p 487 , 
Wenyon, 1026, p 1395 

Intra-corpuscular form oval or reniform, displacing the 
nucleus when fully developed , cytoplasm finely granular and 
contammg numerous chroniatoid particles , nucleus central 
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rounded or oval, placed at right angles to the long axis of the 
organism, and containing chromatm granules of various 
si7es When the parasite doubles upon itself the two portions 
are not equal, and the nucleus is always situated in the longer 
part near the level of the bend Extra- corpuscular form like 
a vermicule, vith one extremity much wider than the other 
The mtra-corpuscular form, when about to multiply, assumes 
an oval form, and its nucleus divides repeatedly into eight 
nuclei the protoplasm then divides mto as many parts. 



Fjg 60 — H’Kmoqreqai tna slepanowxana Laveran A Mesnil A, B, 
elongated oorpuscuJtrr forms C, full grown parasite doubled 
upon itself , D, free vermicule like form , E, form showmg 
nuclear multiplication ( AJtor Lavernn and Mesnil ) 


the corpuscle brealemg up at the same time Multiphcation 
forms were not found m the blood, but were numerous m 
smears from the liver 

Dimensions — Extra-corpuscular form 18-20p. by 5p. 

Remarks — ^Accordmg to the authors of the species the young 
form shows greatest resemblance to the young form of 
H sf epanoiwt Danilewsky , butthe mature form differs markedly 
from that species In H stepanoun the parasite becomes 
doubled exactly about its middle, its nucleus is very elongate, 
and the nucleus of the corpuscle is displaced, but not hyper- 
trophied The hberated Haimogregarme is a verroicule, 
measunng 30-40 y. by 3-4 p. In H stepanowiana the douhhng 
of the intra-corpuscular parasite is not exact, and the extra- 
eorpuscular vermicule is much shorter and voder than m 
H siepanoim 

Habitat — ^Blood of the tortoise, GInnemys reeiesiz (Gray) 
Cevlox 


61 Haemogreganna testudinis Laveran & Nattan-Laamer 

fHtcmoqregarxna testudxnvs, La\eran A Nat tan Lamer, 1912, 
pp 134-6, 10 figs (Abstract mWicgmnnn’sArchiv, 1913, p 411) 
HxmocysUdium teslndmis Cast-ollam <S, Chalmers, 1919, p 516 
Hfemogregarxna testiuhnx'x, Wenyon, 1926, p 1396 

Small, medium, and large mtra-corpuscular forms Free 
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and multiplication forms also present Cysts 12-15 /x in length 
and 12-14/x m Avidth Number of merozoites in each cyst 
4 to 8 macro- or 12 to 24 microgametes 

Habitat — Blood of the tortoise, Tcstudo emys Schleg & Mull 
India (exact locahty not cited) 

62 Haemogregarma thomsoni Mmclun (Big 61 ) 

" tH'vmoqregarina ihomxom, Minchm, 1907, pp 1098-1104, pis Iv-lvi 
figs 1—23 

H nsmogregarina sp , Shortt, 1917, pp 102—8, pi "s-xx, figs 1-21 
Hfcmogreganna thomsom, Castellam & Chalmors, 1919, p 487 , 
Wenyon, 1926, p 1388 

Both intra- corpuscular and free forms (so-called vermicules) 
are met Tvith Intra-eorpuscular parasite always distinctly 
sausage-shaped, and shghtly bowed m the plane of the corpuscle, 
this normal curvature being due to the parasite being situated to 
the side of the corpusculai nucleus In <a few cases the curve 
of the parasite is reversed, its convexity bemg towards the 
corpuscular nucleus, which is then much more displaced and 
the parasite resembles its free form ver^”^ closely 

Young mtra-corpuscular forms vary m length from about 
a half to two-thirds of the blood- corpuscle cytoplasm 
very clear, and a dehcate nucleus, consistmg of famtly 
stainmg granules and strands of cliromatm, forms a band 
round the waist of the parasite Full-grown mtra cor- 
puscular parasites are at least tliree -fourths the length 
of the blood-corpuscle , cytoplasm finely granular, nucleus 
exceedmgly rich in chromatin, formmg a deeply stainuig mass 
of irregularly spongy texture, oceupymg the middle region of 
the body for its whole width and nearly one-third of its lengt.h 
The free vernucules closely resemble the full-groivn mtra- 
corpuscular forms, long, medium, and stumpy forms bemg 
distmguishable 

Sometimes most of the mtra-corpuscular parasites have the 
form of an elongated sausage, slender and drawn out , ctyo 
plasm clear and free from coarse granulations , nucleus forming 
a band or zone at the middle of the body, equal m ividth to 
nearly half the length of the body, and ivith chromatin arranged 
in the form of transverse strands 

Small forms are generally situated at one end of the erythro- 
cyte , larger forms he m the long axis of the host-cell and displace 
the nucleus laterally The parasite is usually situated with its 
concave border embracmg the convexity of the erythiocyte 
nucleus, but its position may be reversed Invasion by two 
or more forms is not uncommon, the parasites lying parallel 
to one another and both on the same side, or the two embracing 
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the nucleus between them Infected cells, especially those 
with two parasites, are increased in size 

Schizogony takes place m the endothehal cells of the 
capillaries of the lung, and is of two forms One form of 
schizont produces a smaller cyst, with larger and less numerous 
merozoites, and the other form produces a larger cyst, with 
smaller and more numerous merozoites In the former case 
the schizont m the endothehal cell is broadly oval, and usually 
forms a smaller cyst givmg nse to 16 merozoites The larger 
cysts are more rare, and may contam as many as 40 merozoites 
"l^at the two lands of merozoites develop mto has not been 
determmed The process probably differs jfrom that described 



Pig 61 — Hicmogrcqai ina thomsoni Minchm A, small intra corpuscular 
form , B, large intra corpuscular form showmg the so called 
“ capsule ”, C, a large and an mtormediate sized form in the 
same corpuscle , D, two large mdividuals Ijung side by side, 
both on one side of the nucleus E, two large indi\'iduals 
embracmg the nucleus betn een them , F, the free form 
(After Minchm ) 


by Reichenow and Robertson for the Haemogregarmes of 
cold-blooded Vertebrates 

Dimensions — Sintra-corpuscular forms, young 9-11 /z m 
length, full-grown 15-17 ft by 5 ft , schizonts 15 ft by 6 /x , 
cysts, small 215 ft by 14 5 /*, large 25 ft by 15 ft 

Habitat — ^Blood of the lizard, Agama tiiberculata Gray 
PcTNJAB, Kasauli 
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63 Hsemogregarma thyrsoidese de Mello & Vales {Fig B2 ) 

■^Hsemogrcgarina thyrsoidcai, de Molto & Vales 1930, pp 403-4, 
pi 

Youngest form ovoid, vatli conspicuous nucleus and cyto- 
plasm stained light blue with. Romano wsky’s stain The full- 
grown parasite shows irregular vacuohzation of the cytoplasm 
The nucleus is generally central, often divided mto two more 
or less irregular masses, with mdistmct nuclear membrane, 



A B C D 


Fig 62 — Haimogrcgai xna thyiaoidcic de Mello & Volos A, young form , 
B, normal full grown form , C, form with central nucleus, 
containing tw o cliromatin granules , D, form with one 
nuclear muss at each polo (Aftei do Mello and Vales 1 

and mmut-e volutm granules Sometimes the chromatm 
18 reduced to two very mmute centrally situated granules , 
or the nucleus is situated at one of the poles and composed 
of two masses, or the two nuclear masses are situated one at 
each pole 

Habitat — Blood of the freshwater eel, Thyrsoidm macrurus 
(Bleeker) Portuguese India, Nova Goa 

64 Hsemogregarina tnedri Robertson (Fig 63 ) 

■^Htemogregarina triedri, Robertson, 1908, pp 181, 184, figs 10, 11 
Hspniogreganna itedn, Wonyon, 1926, p 1388 



A B 


Fig 63 — Heemogreganna trtedn Robertson A, broader bean shaped 
form , B, long form (After Robertson ) 
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Hcemogreganne with double capsule, a delicate inner capsule 
and a loose outer one, with tendency to stain very deeply with 
Giemsa’s stain The inner capsule has an opercular hd at 
one end Two forms present (1) broad, rather bean-shaped 
form , (2) long, shghtly recurved specimens, with elongate 
nuclei Both forms frequently show at one end an 
irregularly shaped body which stains a bright red with 
Giemsa’s stam The young forms have no capsule 

Transmitting host not known 
Dimensions — 13-15 /x m length 

Hahiiat — Blood of the hzard Hcmidnctylus tnednts 
(Daudm) Ceylon, Tmicomalee 


65 Hsemogreganna vittatas Robertson (Fig 64 ) 

'[H.'crnogrcgarina Robertson, IDOS, pp 179, 180, 183, figs 2—3 

jfifaimogre^oriJia vi/ta to, Castcnnin& Chalmers, 1919, p 487, figs 149 
177, 108 

'\Hamogrcgartna vitlalec, Donovan (first recorded m Wenyon. 
1926, p 1390) 

"iJI’etnogregarina hUtats: de Hollo, 1932, pp 1417-18, pi i, figs R1 
R2 

Hsemogregarme mfection associated almost mvanably with 
Trypanosoma viUatsc Two forms present (1) broad massive 
form , (2) recurved form wuth pale cj^toplasm, the two limbs 



Fig 64 — Hi.mogreganna vxttatR.'RobeiXson A elongate recnried 

form, B broad massive form (After do Mello ) 


bemg equally long , nucleus dense Broad form shows reticu 
late dense cytoplasm and rather delicate loose nucleus , the 
larger forms have two red-staimng plastid (?)-hke bodies at 
one end Schizogony occurs m the spleen and hver , eight 
merozoites are formed , these are enclosed in pairs in a 
dehcate boat-shaped capsule Transimttmg host probably 
Olossiphoma 

Dimensions — ^Recurved form 22-26 p m total length 

Habitat — ^Blood of the tortoise, Lissemys punctata granosa 
(Schoepff) Ceylon PonTtrouESE India, Nova Goa" 



140 


SPOBOZOA 


66 Hsemogregarina xavieri de Mello (Fig 65 ) 

■^Hscuiogrcgariria xaticri, do Mollo, 1932, pp 1420—27, pis ju & iv 

Two forms present (1) Broadly oval or sometimes remform, 
occupymg, according to the state of its development, a greater 
or less extent of the corpuscle Cytoplasm alveolar, containmg 
generally two, sometimes more, rounded vacuoles, usually 
confined to the polar regions Nucleus central, containmg 
granules or rods of cliromatm m compact masses or variously 
dispersed The paiasitized corpuscles are generally not 
altered, sometimes reduced or enlarged in size, and the nucleus 
of the corpuscle is displaced to one side (2) Elongate or 
vermicular forms, sometimes enclosed in a fine, membranous 
capsule or entirely without a capsule, provided with a tail 
which stands out from the body, and does not exceed one- 
quarter or onc-tlurd of its length These tailed forms are 
much less numerous than the oval forms One pole sometimes 
presents one or tAvo \acuoles, but generally the cytoplasm 
alveolar, and the vacuoles not clearly mchcated Nucleus 
central, and the chromatin showmg the same disposition as m 
the oval forms The metachromatic granules generally 
abundantlj' distributed in the tad, and rarely in the antenor 
pole as well Forms mtermediate between the oval and the 
vermicular are also mot with, and sometimes two mdmduals 
are seen m the same corpuscle 

Schizogony takes place m the lungs, spleen, hver, etc 
Cysts found in smears from the lungs are oval, and contain 
2 or 3 schizonts , those found in smears from the spleen are 
rounded or oval, and contam 6 or 7 schizonts , while those 
m smears from the liver are circular or more or less oval, 
and contam 2 or 3 schizonts In sections of parasitized organs 
oval C 3 ’sts are found to contam 6 or 7 schizonts (morozoitcs) 
smular to those mot wath m the smears Fusiform merozoites 
are seen m the blood-stream and in the intercellular spaces 

Dimensions — Oval form 7 5-13 5 /i in length by 2 6^2p. 
in width , vermicular form 9-10 ft in length by 4p. m vndth , 
cysts from lungs 8-10 /x by 4-5 /a, from liver, sphencal, 15 fi in 
diameter, or oval, 8 6/x by 5/i or lOfx by 7 5/a 

Remarks — The species is morphologically distmct Irom 
H laveram Simoiid, described from the same host at Agra 
Both H malabarica and H xavteri do not show anj uuiceboid 
young stages, nor do they show the two refringent granules 
so characteristic of H laverant H xavteri differs from 
JS malahartca m the tail bemg considerably shorter, and not 
faemg closely apphed to the bodj’’, the nucleus bemg central m 
the elongate forms, and in the dmiensions bemg considerably 
smaller in both elongate and oval forms than in the other 
species 




Pig 65 — Hscmoqrcqarina xavieri do Mello A In blood A, B oval 
forms , C, kidney sliaped form , D, elongate form with 
a short tail E, elongate form withm a capusle 

B A, cyst contaming fen schizonts , B cyst containing 
SIX schizonts C cvst contaming six schizonts (morozoites) , 
D, E, fusiform merozoites in the blood , A B, C, m smears 
from lungs, spleen, and liver respectivelv D, E, in section 
of a blood vessel (After do Mello ) 
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Habitat — Blood, lungs, spleen, and liver of the tortoise, 
Lissemys puiictata granosa (Schoepff) Pobtttgxtese India, 
Nova Goa 

In addition to the species that are recorded above, a number 
of Haimogregarmes have been observed m a variety of hosts , 
but, unfortunately, the published descriptions are so meagre 
that it IS impossible to refer the forms to any known species 
For the sake of completeness I have given these records below 

67 Haemogreganna sp 

'\Ha.moijregarina sp , Phmmor, 1914, p 189 
H’cmogreqarina sp , Wcnyon, 1926, p 1403 

Habitat — Blood of the fish, Trichogaster fasciatus Schneider 
from India, m the Zoological Gardens, London 

68 Haemogreganna sp 

'\Iircinogregar%na sp , Simond, 1901 e, p 320, Plimmer, 1912, p 412, 
1914, p 189 

Hcemogrcqarina sp , Wonyon, 1926, p 1390 

Laige , of ordmary type Nucleus of parasitized cell divided 
by the parasite mto two parts with a connecting thread 
Schizogony in lungs 

Rerr'arta — This form may be the same as H varani Laveran, 
190*5, described from Varanus niloticus 
Habitat — Blood of the lizard, Varanus monitor (Linn ) 
India , also from India, in the Zoological Gardens, London 

69 Haemogreganna sp 

H xmogregarina sp , Dobell, 1908, p 292 
IfH'vmogregarrna sp , Patton, 1908, p 318 , Phmmor, 1913, p 149 
H xmogregarina sp , Wenyon, 1926, p 1391 

Both short and long forms present 

Habitat — ^BloodofJB«7^{7ar^^5C^ertt?cl^5(Schneld ) {=J3ungariis 
carxdidus) Madras, Madras , also from India, in the Zoo 
logical Gardens, London 

70 Hsemogregarina sp 

'\Hxmogrcgarirta. sp , Robertson, 1908, p 182, fig 12 
Hxmogregarina sp , Dobell, 1908, p 294 
"^Ilxmogregarina sp , Patton, 1909, pp 149, 152 , Dobell, 1910 p, ”0 , 
Phmmer, 1912, p 413 , 1913, p 149 , 1914, p 188 
Hxmoqregartna sp , Wenyon, 1926, pp 1391, 1394 

Young mtra-corpuscular form Without a capsule Full-grown 
form, with a very marked capsule thickened at both ends, and 
showmg a deep red stanung area at either end and a dehcate 
nucleus Free motile form also without a capsule 
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Remarks — Five species are known from various species 
of Zamenis from other parts of the world, and the forms 
described by Robertson and Dobell and noted by Patton and 
Phmmer may belong to one of them 

Hdbiiat — ^Blood of the snakes, Ghrysopelea omata (Shaw) 
Ceylon , and Zaocys mucosus (Linn ) Ceylon Colombo, 
Parademya , Madras, Madras , also m same host from India, 
m the Zoological Gardens, London , m the Imguatihd, Poro- 
cepTialus paitom Stephens, from the lung of Zaocys mucosus 
(Linn ) LIadras, Madras 

71 Haemogreganna sp 

^Hmnogre^arma sp , Plimincr. 1914. p 189 
Hrcmogrcgarina sp , IVenyon 192G, p 1391 

Hdbitoi — ^Blood of the snake. Coluber hdena Daud , from 
Ceylon, m the Zoological Gardens, London 

72 Haemogreganna sp 
fHxmogrcgarinc, Simond, 1901 e, p 320 

Hvmogreganna sp , Dobell 1908, p 293 , Wenyon, 1926, p 1391 
Habitat — Blood of a snake. Coluber sp India 

73 Haemogreganna sp 

^H'eniogreganna sp , Dobell, 1910, p 70 

Habitat — ^Blood of the snake, Dipsadomorphus forsienii- 
(Dumenl & Bibron) Ceylon, Colombo 

74 Hsemogreganna sp 

\HtBmogreganna sp , Dobell, 1910, p 70 

Habitat — ^Blood of the snake, Dipsadomorphus ceylonensis 
Gunther Ceylon, Parademya 

75 Hsemogreganna sp 

^Hazmogregarxna sp , Patton, 1908, p 318 

Hicwjogrc^artfia sp , Dobell, 1908, p 293, Wenyon 1926, p 1391 

Habitat — ^Blood of the snake, Dendrophis pictus Gmelm 
Madras, Madras 

76 Haemogregarina sp 

^HiBmogregarma sp , Patton, 1908, p 318 
Hsemogreganna sp , Dobell, 1908, p 293 
^H •emogregartna sp , Dobell, 1910, p 70 
Hsemogreganna sp , Wenyon, 1926, p 1392 

Habitat — ^Blood of the snake, Dryophta mycterizans (Dand ) 
SIadras, Madras , Ceylon, Colombo, Parademya 
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77 Hsemogreganna sp 

\Ha;mogregarina sp , Patton, 1908, p 318 
Hxmogregarina sp , Doboll, 1908, p 293 

fHcemogrcgarina, sp , Phmraer, 1912, p 414 , 1913, p 149 , Scott 
1926, p 236 

H-emogrega} ina sp , Wonyon, 1926, p 1392 

Habitat — Blood of the snake, Eryx johmv (Russ ) Madras 
M adras also from India, m the Zoological Gardens, London 

78 Hsemogregarina sp 

jH'cmogregari.na sp , Plimmor, 1913, p 149 , Scott, 1926, p 236 
Hmmoqrogarma sp , Wonyon, 1926, p 1393 

Habitat — Blood of the snake, Naja bnngarus Schleg , from 
India, in the Zoological Gardens, London 

79 Haemogregarma sp 

fHasmoqreganna sp , Siraond, 1901 c, p 320 , Robertson 1908, 

p 182 

Hfcmogregarina sp , Doboll, 1908, p 293 
\Tlsomogrcganna sp , Doboll, 1910, p 70 
Ha.tnoqregartna sp , Wonyon, 1926, p 1393 

Remarks — ^The form probably belongs to H najx Laveran, 
described from the same host 

Habitat — Blood of the snake, Naja naja var atra (Cantor) 
India , blood of Naja naja (Lmn ) CeyIiON, Parademya 

80 Haemogregarma sp 

■\Htemogrcgarzna sp , Siraond. 1901 c, p 320 
Hsemogregamia sp , Wonyon, 1926, p 1393 

Habitat — ^Blood of a snake, Naja sp India 

81 Haemogreganna sp 

■\HsBmogrcgarma sp , Robertson, 1908, pp 182, 183 
Hsemogiegarinc sp , Wonvon, 1926, p 1393 

Hgemogregarme showed extraordmary actmt 5 >' The free 
form moved with a rapid swimming motion, and entered 
a blood-corpuscle by simply piercing it, swinmung round 
between the nucleus and the corpuscle wall, and burstmg the 
corpuscle by curhng and then suddenly straightemng itself 
The process takes a few seconds It also miures the corpuscles, 
which it touches in passmg, the corpuscle losmg all its hsemo- 
globm immediately The mtra-corpuscular stage very closely 
resembles the free form 

Remarks — ^Possibly the form exanimed by Robertson may 
have been the same as H pythonis (Billet). 

Habitat — ^Blood of a snake, Pythm sp Ceylon 
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82 Haemogregarina sp 

Latcrama sp , Billet 1S9>, p 31 
Hscmogregarina sp , Labb6, 1899, p 77 
'\HiBtnogrcganna , Patton, 1908, p SIS 
“ Dantlcicshija" =niBmogregartna sp , HobQW 1908, p 294 
'\IIicmogregarina sp , Dobell, 1910, p 70 
HiEmoqreganna sp , Wenyon, 1926, p 1394 

Remarks — ^Dobell (1910) t hin ks that it is probably the same 
as “ Damlewskya ” described m this host from Tong-kmg by 
Billet (1895) {=H35mogregarma sp , Labb6) 

Habitat — ^Blood of Tropidonolus stolatus (Lmn ) IMadkas, 
Madras , Cbyi-on, Paradeniya 

83 Hsemogreganna sp 

^Hxmogregarma sp , Patton 1908, p 31S 
H -emagrcganna sp , Dobell, 1908, p 294 
■^Hfcmogrcganna sp , Plimmer, 1912, p 414 1913, p 140 1915, 

p 130 

Hvmogreganna sp , Wenyon, 1926, p 1394 

Hahita^ — ^Blood of Russell’s Viper, Vtpera russellii (Shaw) 
Madras, Madras also from India m the Zoological Gardens, 
London 


Genus HEPATOZOOIf Miller, 1908 

Leucocglozooti, James 1905 o, pp 1-12 , 1905 b. p 1361 , Bentley, 
1905, p 988 

Hscmogregarina, Balfour, 1905 a, p 240 * 1903 b, p 1330 
Hicmogregarme, Laveran, 1905, p 295 
Leucocgtozoa, Vntton 1906, pp 1-13, 1908, p 319 
Lcucocylozoon, .T B Adie, 1906, p 325 Christophers. 1906. 

pp 1-16 , 1907, pp 1-12 
Hepaiozoon, Jliller, 1908, pp 1-48, 

Leucocyiozoon, Porter, 1908, pp 703— 16 
Leucocytogregarina Porter 1909, p 264 
ffismogreganna, Wenyon, 1910, pp 70-1, 1911, pp 324-32 
Lencocyiozoon, Christophers, 1912, pp 37-44 
Hepaiozoon, Mmchin, 1912, pp 372, 376 
* Leucocytogreganna, Sangiorgi, 1912, pp 287-93 , de Hello, de Sa, 
de Sousa, Dias, & K'oronha, 1917, p 13 
Hepaiozoon, Wenyon, 1926 pp 1085-6, Beichonow, 1929, pp 920-3, 
Kudo, 1931, p 281 , Calkins, 1933, pp 361, 527 

Schizogony takes place in cells of the mteraal organs (bone- 
marrow, liver, spleen, kidney) of Vertebrates After several 
generations of merozoites have been produced some of them 
enter erythrocytes or leucocytes and develop into gametocytes 
These are taken mto the body of a blood-suckmg Arthropod 
(tick, mite, louse, etc ) , and the micro- and macrogametes develop 
and umte in pairs The zygote becomes encysted m the oooyst, 
which mcreases enormously in size, eventually producing 
sporoblasts, sporocysts, and sporozoites Each large oocyst 

SPOB I, 
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contains numerous sporocysts, all of which produce numerous 
sporozoites 

The genus was founded by Miller for a parasite of the leuco- 
cytes of rats, w'hich had been previously referred to the genera 
Ilsamogregarina or Leucouytozoon 

84 Hepatozoon adiei Hoare (Pig 66 ) 

•IHcpatozoon adici, Hoaro, 1024, pp 03—6, 1 pi 
Hepatozoon adiei, Wonyon, 1920, pp 1080, 1095, fig 456 , Roicho 
now, 1929, p 923 

Schizonts more or less regularly ovoid Nuclear multiplica- 
tion gives rise to 12 to 24 nuclei Merozoites elongate and 
vermiform Younger schizonts enclosed m defimte colls, 



A B 



Pig 66 — Hepatozoon adtct Hoaro A, B, ovoid schizonts , C, schizont 
showing formation of morozoites D, rod hUo gometocyto 
enclosed in a leucocyte A-C, in the smears of the lung , 
D, m the peripheral blood (After Hoaro ) 

probably endothelial cells of the capillaries Tn latei stages, 
host-cell reduced to a thm membrane ivith the flattened 
nucleus at one side of it Gametoc 3 rtes rod-lilce, rounded 
at both extremities , nucleus usually termmal m position 
The gametocyte either displaces or is wedged m the leucocyte 
nucleus 

Dimensiotis — Schizonts from 8 /x by 4 8 /t to 20 8 p. by 112fi, 
gametocytes 8 5 p, by 4 6 /x 

Remarks — Only toed films of the blood and smears of the 
internal organs of the bird -were available for study The 
schizonts were found in smears of the lung, and the gametocytes 
in the leucocytes of the peripheral blood The schizonts ana 
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the gametocytes closely resemble H -cams and H muris 
Nothmg IS kno^vn of the sexual cycle in the Invertebnate 
Habitat — Blood and smears from the lung of an Indian 
eagle (not identified) Punjab, Kasauh 

S5 Hepatozoon cams (James) (Fig b7 ) 

■\Ij6ucociftozoon cams, James, 1905, pp 1—12, 1 pi , Bontloi, 1905, 
p 98S, Christophers, 190G, pp 1— 1C, 1 pi , 1907 pp 1—12 1 pi 
ILcucocylozoon bentlcyi, James, 1905 a, p 1861 
LGUcocytogrcfjariiia rolundata, Patton, 1910, p 280 
Hvmogrcganna cants adiisti, Knttal 1910, p lOS 
Hfcmogreganna cants, AVonyon, 1911, pp 324— 32 tevt figs 4—8, 
pi -vvi, figs 1—17 

Leucocytozoon cants, Christophers, 1912, pp 37—44 1 diagram, 

tovt figs 4—8 

Hepatozoon cams, Minohin, 1912, p 377 
H •vmogregartna cams, Castellam A Chalmers, 1919, p 4b8 
'\Hcpatozoon cams. Ran, 1925, p 293 
+J)rT3niopre(7an3i<i cants Rau, 1926, p 244 . 

Hepatozoon cants, Wonyon, 1926, pp 1091, 1092 fig 455 , pi xiv 
figs 3, 4 , pp 13 j 5-7 , Reichenorr, 1929, pp 921 922, figs SS5 
886 

Schizogony occurs m the spleen, bone marrow or hve 
bchizonts of several t^^ies , some produce a small number 
(generallv three) of large merozoites, which become schizonts 
agam, whilst others produce a large nimiher of small merozoites 
These latter enter the mononuclear or poljTnorphonuclear 
leucocytes and become gametocA’tes Free vermicules found 
in the gut of the mfected ticks 
The gametocytes undergo development m the common 
dog-tick, RTiijncejthalus sangiiincus Koch, ni the tissues of 
iihich are eventually produced very large oocysts containing 
from 30 to 50 sporocysts, each contammg about 16 sporozoites 
and a i esidual body After the sporo Cysts are fully developed, 
the oocA''st appears to break up and sporozoites are found 
scattered among the tissues of the tick Infection of the dog is 
probably produced by the ticks bemg eaten 
Dtmcmwns — Gametocytes 8-10 p J-op, nucleus 2-3 /x , 

oocysts up to 100 /j. , sporocysts 15-16 p. m length sporozoites 
14-15p. m length 

Remarks — ^Rau ( 1^25) mfected dogs by mjection of spleen 
material contammg schizonts, as also by the mjection of the 
tissues of mfected ticks Parasites appeared m the blood 
two or three weeks affce' oculation and infection progressed 
m intensity, bringing about the death of some of the animals 
Wenj'on, however, doubts if other causes of death ivere 
excluded 

Habitat — ^Internal organs and leucocytes of the Indian, wild 
<iog> Oyem dulhunensis (Sykes) Assam, Borjuhe, Gauhati, 




Fig 67 — Hepatozoon cams (James) A, parasite in. a leucocyte of the 
dog , B, free venmcule m the blood of the dog , G, D, 
, schizogony m the bone marrow of the dog , B, gametocytes 
lymg side by side , F, O, formation of the microgametes , 
H, zygote showmg a number of nuclei , I, section of oocyst 
in which sporoblast formation is taking place , J , section of 
fully developed oocyst m which the sporocysts, each con 
taming about sixteon sporozoites, have formed A-O m the 
dog , B-t/ m the tissues of the tick (A— I, after Cliristophers , 
J, after Wenyon ) 
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Tejptir, NoA^gong , the dog, C'anw/afniZians (Shaw) JIadras, 
Madras , the jackal, Cants aitrcus Linn JIabras, Madras , 
the fox, Vtilpcs bcngalcnsis (Shaii) Madpas, Madras Also 
the tick, JRktpiccpIiahis sangmnctts Koch Madras, Tdadras 

86 Hepatozoon felis domestici (Patton) 

fLrCucocytozoon domcHtct, Patton, lOOS, p “JIO 
if,x'7nt>yrc;7a'‘iTio/Wi.?r, CastclIo.ni A, Chalmers lll'l, p 4SC 
Hepatozoon jeh Wenvon, 1026, pp lOS" 11 >5 

licmnrls — ^Patton (1908) merely recorded this as a new 
sjiecies, wathont giving anv description It is, therefore, not 
certain that tins is morphologiealU distmct from H ram? 

Habitat — Leucocjdes of the cat, KcZj? sp I>di\ 

87 Hepatozoon funamhuH (Patton) (Pig GS ) 

■\Lciico<rjlozoon Junambuh,Vo.ttan 1006, pp 1-1 > pi i, lOOS p 310 
Hepatozoon Jnnambnh, Minclnn, 1912 p 377 
H Tmo^'oartna funanihtili Cnstcllnni A C hiilniLr^ 1010 p 4S0 
Hepatozoon Jitnambttl I, W'cn\ on 1020 pp UtS5 127S 

The gametocjdc has an elongate oial body, inth on?’ end 
larger and rounder than the other It lies in the large mono- 
nuclear leucocjde, and shows slow Acmiicular movements 
The narrow end shows a distinct bend upwards simulating 
a tad In escapmg from the host-cell the more rounded 
end protrudes first The free lermicules are elongated and 
spindle-shaped , they are very active performmg rapid 
serpentine movements, twistmg and curlnig a.bout In 
preparations stamed with Romanow sky’s stam cxtoplasm 
stams light blue, somewhat darker at the tw o ends There is 
no capsule round the parasite, but by prolonged stainmg a faint 
pink outline is seen round it Nucleus large, irregularly 
quadrilateral, lying about the centre, staimng more deeply 
but not uniformly A number of large cliromatic dots are 
seen m the cjdoplasm, more m one extremitj than m the other 
Sometimes two parasites are seen m the same leucocyte 
lying close to each other, between the two detached parts of 
the nucleus, or one on either side of the nucleus The free 
vermicide contams a rounded or oval nucleus 

Dimensions — ^Intracorpuscular forms 10 p. by op in the 
wndest part free vermicides 13—14^ by 3— 4 ft 

BemarLs — ^The parasites were present m the peripheral 
blood and m smears from the spleen and hver Vermicides 
were also seen from the mid gut and the body-cavity of the 
louse, Hiematopiniis, but no developmental forms were met 
with 
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Habitat — ^Leucocytes of the squirrel, Funambulus pennaniit 
Wroughton, and the body of the louse, Esemaiopinv^ sp 
Bosibay, Kathiawar 



E F G 

Fjg 68 — Bcpalozoon Junambulz (Patt-on) A, two loucoc'V’tes, showing 
two parasites in each , li, three free forms, show mg chromatic 
particles, C, four free parasites from spleen-smears , Z), free 
attenuate form from peripheral blood, E, free vermicule 
from the peripheral blood, F, i ermiculo from the raid gut of 
the sqmirel-louse , G, large ^ ermicule from the bod> ca\ i£j 
of the louse (After Patton ) 


88 Hepatozoon gerbilh (Christophers) (Fig 69 ) 

"iHscinogrcgarzna gerbzlli, Christophers, 1905, pp 1—15, 1 pi 
Hssniogrega-nna grrbtlli, Patton 1906 p 3 
Hepatozoon gerbtlh, Jlmchm, 1912, pp 376, 377 
Hsemogreganna gerbilh, Castellam &- Chalmers, 1919, p 485 
Hepatozoon gerbilh, Wenyon, 1926, pp 1085, 1358 , Eeichenow 
1929, p 922 

Stages of the schizogonous multiphcation are not knovtn 
Gametocytes are found in the red blood-corpuscles and are 
marked by a short hook-shaped projection at their hmder end 
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Nucleus close co the bent end Active vernucule stage free 
in the plasma Further development takes place m the louse, 
Essmatopmus stephensi In the alimentary canal of the louse 
free 'W'orm-hke parasites are recognized In the hody-cavity 
are found large oocysts m various stages of development 
The *^ully developed oocysts contain numerous oval sporocysts , 
each sporocyst contams 6 to 8 sporozoites and a residual body 



Pig C9 — Hepafozoon gcrbilh (Christophers) A, forms in the red 
blood corpuscles , fully matured oocjst , C, sporocyst con- 
taining sporozoites (After Christophers ) 

Dim-enstons — Oocysts 350 p. in diameter 
SemarLs — ^In imperfectly stained films the general appear- 
ance of the parasite is very like that of the malarial crescents, 
except that the pigment is absent This is due to the “ tail ” 
not bemg differentiated from the body 

Habitat — ^Red blood-corpuscles of the Indian gerbil, 
Tatera tndica (Hardw ) {^Qerhillus mdicus), and m the mid-gut 
and the pyloric ampulla of the louse, Hsemalopinus stepheiisi 
Christophers & Newstead India (locahty not cited) 
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Fig 70 — ^Lifo cycle of Hcpatozoon jmtnv (Balfour) A spororoitcs 
escaping from sporocysts in tlie intestine of rftt , J3, sporoyoites 
penetrating tlirough intestinal epitliolmm and entering 
into the blood vessels of the ^'^IlI , O, sporozoites passing 
from blood vessels mto In er colls , D-G, schizogonv m In or- 
cells , II, morozoites escaping fiom In er colls and entering 
other Iner cells to repeat schizogony , I, morozoites (garneto 
cytes) leaving In or colls to enter blood vessels , J, gameto 
cytes m mononuclear cells of blood , /v, gamotoevtes 
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S9 Hepatozoon leporis (Patton) 

•^Leucocytozoon leporis, Patton, 1908, p 319 
Hepatozoon leporis, '\Von 5 ’’on, 1926, p 1359 

Patton (1908) merely recorded this as a new species, without 
giving any description 

Eabtiai — ^Blood of the black-naped hare, Lepns mgricdUis 
(Cuvier) hlADBAS, Madras 

90 Hepatozoon muns (Balfour) (Pig 70 ) 

Lcucocylozoon muris, Balfour, 1905, pp 110-11, pi ij 
■jLeucocytozoon rath, Adie 1906, pp 325-6, te'vt-figb 
Hepatozoon pcnuciosum. Miller, 1908, pp 1—48, pis 
Hepatozoon miens, Mmclim, 1912, pp 376, 377 
HeLhioyreganne rath, Castellam & Chalmers, 1919, p 486 
i7ep/7fo20oa miirifi, Wenjon, 1926, pp 1085, 1086-90, fig 453, pi xix, 
hgs 1, 2 

'^Hepatozoon mxiria, Dono-van (recorded m AVenyon, 1926, p 1360) 
Hepatozoon muns, Reichenow, 1929, pp 920—1 , Kudo, 1931, 
p 282, fig 119,11 

Schizogon 3 '^ takes place m the hver-cells of a rat Smallest 
schizont js a spherical, unmucleate body The schizont 
increases m size, and the nuclei multipty by repeated division 
till there are 12 to 20 The fuU-groivn schizont is surrounded 
by a dehcate cyst-wall Merozoites are budded off, enter 
other cells, and repeat schizogonj- After a time the merozoites 
become j^oimg gametocjdes, enter the blood-vessels, mvade 
the mononuclear leucocytes, and appear as Haimogregarmes 
MTien the blood is sucked by the mite, L^elaps echidmnus, 
the Ha3mogregarmes are hberated from the leucoc^ies and 
escape from the enclosmg cysts The gametocytes associate 
in pairs, each becommg flattened to produce an elongated 
bodA*, with pointed extremities Complete fusion of the two 
gametocjdes is said to take place Before actual umon takes 
place the macrogametocyte mcreases somewhat m size and 
encloses the smaller microgametocjde After fertilization 
the zj'gote elongates and becomes a motile ookmote , this 
moves about m the stomach-contents, mcreasmg m size 
Later it penetrates through the mtestmal waU and settles 
dovTi m the surroundmg tissue, becommg spherical and growmg 

escaping from mononuclear cells m the stomach of the mite, 
L-O, syngamj and penetration of mtestmal wall by zjgote 
(ookmote) , P—S, growth of zygote (sporont) in oocvst 
in tissues of mite , T, surface of sporont, showmg sporoblast 
formation by budding , U, portion of oocyst containing 
sjjoroblasts , I, portion of oocjsb containing sporoblasts 
intli multiplying nuclei , If'', portion of oocyst containing 
sporocysts m eacli of which are a number of sporozoites 
The mite is eaten by the rat, in the mtestmo of which the 
sporozoites escape from the sporocysts (From Wenyon, 
lifter Miller ) 
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It acquires a cyst-wall and grows still fuither to become 
the ripe oocyst Sporogon 3 ’’ takes place in the bod 5 '--cavitj 
of the mite ITuclear multiplication and formation of sporo- 
blasts and sporocj'sts take xilace, each spore containing 
12 to 24 sporozoites Re-infectiou takes place bj’^ a rat 
devouring infected mites 

Dimensions — Schizont, young 10 /x, full-groivn 30-35 /x bj 
25-28 ij. , ookinete, young 25 /t by 10 /x, full-gromi 50 fi by 25 /x , 
oocj'fat 200— 250 /X 

Remarks — ^According to Miller (1908) and the Japanese 
workers Kusama, Kasai, and Kobaj^aslu (1910), complete 
fusion of the two gametocytes takes place, and no formation 
of micro- or macrogametes is described Wenyon (192G), 
however, from ivhat is Imown of otliei Hremogregarines, 
such as H stepanou’i, tlunks it jirobable that the niicro- 
gametoej’^to produces nucrogamotes, and that a fertilization 
of the Adclca type occurs instead of the complete fusion of the 
two gametocytes 

Miller succeeded in infecting lats bj'’ placing on them 
infected mites, and also by contaminating food with ciushed 
mites, and as mjection of crushed infected mites mto tlie iicri- 
toneal cavity did not produce infection, it is obvious that 
mfection takes place by way of the alimentary canal 

Habitat — Leucocytes of the broiVn rat, Rattvs norvegicvs 
(Berkenhout) (—Ifits decumanm=M‘ns norvegiciis) Punjab, 
Rattus rufescerts (Gray) (~Mus rufescens ) , and the rat -mite, 
Ltelaps echidnmus Berleso India 

I 

91 Hepatozoon sp 

"^Hepalozoon sp , DonoAan (recorded in Wonyon, 192G, p 1362) 

Habitat — Blood of the flying squirrel, Pteromys petanrista 
Pallas India 

Genus KARYOLYSUS Labb6, 1894 

Htrmogrcgarina (part), Damlowaliy, 1886 

Karijalysus, L0bb<5. 1894, p 100 , 1890, p 75 , Minclim, lOOJ, 
pp 261,266, 260, 1912, p 372. Reichonow, 1013, pp 317-6 J, 
192], pp 179-291 , yv^enyon, 1926, pp 1006-101, Koichemm, 
1029, pp 865,916-19, do Mello <5t do Moyrollos, 1037, pp IN'- 
41 

Sporogony m the epithelial cells of the intestine of the 
Invertebrate host, a mite, produces an oocyst Avith a numboi 
of sporoblasts, winch escape from the oocj'st ns motile 
vermicules (sporokinotes) and enter the egg of the mite, where 
they secrete 8 poroc 3 '^sts\\ithin which sporozoites are developed 
The mite hatched from the egg has the sporocysts in its 
intestinal epithelium The sporocysts enter the intestina 



KAEYOI.YSUS 


155 


epithelium of the Vertebrate host, a lizard, through the 
ingestion of the foeces of the nymph or of the nymph itself 
The sporozoites pass to the blood-Yessels and penetrate the 
endothelial cells, -where schizogony takes place Certain 
merozoites enter the red blood-corpuscles as gametocytes 
and appear as Hiemogregarmes The gametocytes are taken 
up by the mite, m the gut of ivhich gametogony takes place 
and the oocyst is formed 

Remarls — ^The genus o-wes its names to the fact that the 
nucleus of the host-cell is often karyolysed and fragmented, 
but tins character caimot be regarded as of generic value 

92 Karyolysus jorgei de Mello & de Meyrelles (Fig 71 ) 

"[Karyolysus jorgei, de Mello & de Meyrelles, 1937, pp 119—41, pi m, 
4 to-rt figs 

Gametocytes, occurnng m the red blood-corpuscles m the 
peripheral circulation of the lizard, are elongate oval, marked 



Fig 71 — ^Life cycle of Karyalystis yorgei de Mello & de Meyrelles 

A, male and female gametocytes m peripheral blood , 

B, endoglobular cycle m capillaries producmg macro - 
cysts -with four merozoites, C, endothelial cycle m h\er 
and lungs producing microcysts with eight leishmaniform 
merozoites , D, free merozoites which may invade either 
the red cells or endothehal cells (Aftei de Mello and de 
Meivolles ) 

hy a strong Imntmg membrane, and contam a large central 
nucleus, a smaller roimdish paranuclear body, and near the 
opposite pole a more or less irregular zone named as a polar 
capsule The gametocytes are sexually differentiated In 
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the male the nucleus is central, oval or quadrangulai ni form, 
and aluays compact In the female the nucleus may often 
he polar, and always contains a definite karj^osome in its centre 
In the capillary circulation occms the endoglohular cycle 
A merozoite invades tho red corpuscle, grou's mto a scliizont, 
and by tuico repeated binary division forms a macrocyst 
containing four large gregarimform merozoites These mero- 
zoites mvado tho endothelial cells of tho lungs and liver and 
produce nuerocyats, each containing eight loishmaniform 
merozoites The miciocysts liberate the merozoites either m 
the mteristices of tho tissues or m tho protoplasm of tho ondo- 
thehal cell itself This second schizogomc cycle has been 
designated as the endothelial cycle Tho loishmamform 
merozoites may im ado either the red corpuscles, vhore they 
undergo binary di\nsions again, or the ondothohal colls, uhere 
thej again become microcysts It is not known from vhat 
paiticiilar tonus the gametoeysts are derived Sporogony 
completely unIviioAvn 

Diwmsiov ; — Gametocytes measure 5-11 /u. by 1 5-2 5 /x. 
Macioc>sts measure 13-15/1 bv S-lO/i, macromerozoites 
measure 8-1 1/x by 2 5-3/t Loishmamform merozoites 
loundish 1 5-3/1 m diameter, fusiform 3-5 /i by 1-1 6/i 

JReviaiLs — ^Tho lack of kar^ohtic action on tho part of tho 
parasite and the occurrence of endoglohular schizogony makes 
the organism a remarkahlo twnsitional form hotveen Hfomo- 
greganva and the previously laiown species of Karyolgsus 
The ditfereiitiution of tho gametoevtes and the occurrence of 
.1 paranuclear body and special^ differentiated polar area in 
the gametocytes and tho peculiar form and structiiro of the 
nucromeiozoitcs are other characteristic features of the 
species 

Habiiof — Red blood-corpuscles and endothelial cells of the 
h\ cr and lungs of Galotcs n crstcolor Daud subsp major Blyth 
PORTUOUFSK 1m)1a, Novu Goa 


II Suboider EIMERIDEA L^ger, 1911 

The scluzonts develop into micro- and macrogametocy'tes 
vluch are sinular m size and develop mdependently of one 
another The nucrogametocyte produces a relatively large 
number (six or moic) of nucrogamotes The motionless zy^gote 
secretes a resistont oocyst, ulueh does not increase in ‘«ize 
Tho asexual and the sexual cycles occur in the same host 
Various schemes of classification of the suborder have been 
proposed It is generally admitted that the composition of the 
mature oocyst, viz the number of sporocysts and sporozoites 
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ifc contains, provides the most convenient diagnostic characters 
for the differentiation of the genera but different opmions 
have been held regarding the basis upon vrhich the genera 
should be umted into subfamihes and fatmhes FoUowmg 
Luhe (1906), Mmchm (1912), Beichenoiv (1921) and Wenyon 
(1926) arrange the genera mto higher groups, mamly according 
to the type of schizogony Schneider (1881) and I^ger (1911) 
adopted the characters of the npe oocyst as the basis for classi- 
fication but 'while Schneider and his followers, Butschh 
(1882), Labb6 (1899) and hlmchin (1903), arranged them 
accordmg to the number of sporocysts -within the oocyst, 
L4ger (1900), followed by Mesnil (1903), Poche (1913), Doflem 
(1916), Pmto (1928), and Noller (1928), classified them accordmg 
to the total number of sporozoites m the oocyst 
Wenyon (1926) di-vides the suborder mto six famihes, viz 
Selenococcidudse, Cryptospondudae, Eunenidae, Caryotrophidas, 
Aggregatidse, and Lankesterelhdse Reichenow (1929) re- 
shuffled the genera among three famihes, and brought over 
Dobelhdse from the Adeleidea and Leucocytozoidse from the 
Ha^mospobidia Thus ho classified the EnrERiDEA mto five 
famihes, -viz , Selenococcidudse, Aggregatidse, Dobelhd®, 
Eimerudse, and Leucocytozoidae 
Hoare (1933), leavmg out of consideration the famihes 
Dobelhdse and Leucocytozoidse (which might as well be 
mcluded, as m Wenyon's classification), has proposed a modi- 
fication of Leger’s classification, m which the subfamihes 
are distmguished from each other by the number of sporocysts 
withm the oocyst, while the genera -withm each subfamily 
differ from one another m the number of sporozoites •within 
each sporocyst The suborder is di-vided mto two famihes 
. (1) Selenococcidudse and (2) Eimemdee The family Eimerud® 
IS divided mto six subfarmhes I have followed this classifica- 
tion m this work 

Ideivtification Table of Families 

1 (2) Body cylindrical or vermiform Nuclear 

multiplication, takes place m the ©vtra- 
cellular motile stage , schizont becomes 
rounded on entering an epithelial cell 
and breaks up mto eight merozoites, 

■which are set free mto the lumen of the 
gut Numerous microgametes formed 

from a microgametocyte Fertihza [L^ger & Duboscq 

and sporogony unlmo'vm Selenococcidiidse * 

2 (1) Body not cyhndncal or vermiform Elmeriidse L4ger, em 

[Hokre, p 158 
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1 Family EIMERIID^ Leger, 
emend Hoare, 1933 


Schizogony and sporogony are very uniform m character 
throughout the family, hut variations occur m the number of 
the ^porocysts and the sporozoites developed -within the 
oocyst The family le di-vided mto six subfamilies on this 
lat-ter basis 

Key to Snbfamthes and Genera 

I Schizogony and sporogony in the same host 
1 Oocyst asporocystid 


Oocyst tetrazoic 
Oocyst octozoic 
Oocyst octozoic 
Oocyst polyzoic 

2 Oocyst monosporocystid 

Sporocyst tetrazoic 
Sporocyst octozoic 

3 Oocyst disporocystid 

Sporocysts dizoio 
Sporocysts tetrazoic 
Sporocysts octozoic 

4 Oocyst totrasporocystid 

Spoiocysts dizoic 
Sporocysts tetrazoic 
Sporocysts polyzoic 

6 Oocysts octosporocystid 

Sporocysts polycystid 

6 Oocyst polysporocystid 

Sporocysts monozoic 
Sporocysts monozoic 
Sporocysts tetrazoic 


Subfam Cb-sttospouidiin^ 
[Pocho, emend Hoare.p 169 
Cryptospondtum * Tyzzer 
PJciffermclla * Wasielewski 
Schellackta * Reichenow 
Lankestcrella Labb6, p 159 

Subfam Caryosporinje * 

[Wenyon 

Mantonella * Vincent 
Oaryospora * Logor 

Subfam Cyclosporine 

[Wenyon, p 162 
Cyclospora * A Schneider 
Isospora A Schneider, p 16- 
Dortsxella * Kay 

Subfam Eimebiine Wenyon 
[p 173 

Etmena A Schneider, p 173 
WenyoneUa Hoare, p 197 
AngetocysUs * Brasil 

Subfam Yakimovelline ’ 
Gouseff 

Yoktmovella * Gouseff 

Subfam Barboussine 

[(Wenyon), p 109 
Barroussia * A Schneider 
Echinospora * Ldger 
Pythonella Ray & Das 

[Gupta, p 199 


II 


Schizogony and sporogony m different hosts 


Oocysts polysporocystid 

oporocysts dizoic 
Sporocysts dizoic 

Sporocysts trizoic 
Sporocysts doaecazoio 
Sporocysts dodecazoic 
Sporocysts polyzoic 


Subfam AaOREGATiNEKeiohe 

[now, emend Hoare, p 199 
McrocyaW! * Dakin 
Pseudoklossia * Ldger &, 

[Duboscq 

Aggregata Frenzel, p 200 
Caryotropha * Siedleoki 
Ovivora * Mackinnon A Bay 
Myriospora * Lermantoff 
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Subfamily CRYPTOSPORIDIIN^ Poche, 
emend Hoare, 1933 

Oocyst contains four, eight, or many sporozoites developed 
•nithoufe the formation of sporoeysts 

Genus LANKESTERELLA Labbe, 1899 

Drepantdium, JLankester, 1882, pp 53—65, Labb5, 1894, p 76 
Lankesterella, Lrabbe, 1899, pp 7^5 , Mmchin, 1912, pp 372, 378 , 
Noller, 19136, p“ 231 , 19206, p 176, Wenyon, 1926, pp 878-80, 
1105, Knowles, 1928, p 471, Reichenow, 1929,pp 964—5, Kndo, 
1931, p 275 , Calkins, 1933, p 566 , Hoare, 1933, pp 383, 385 

The whole of the development takes place m the endothehal 
cells of the blood-vessels The oocyst contams numerous 
(32 or more) sporozoites developed without the formation 
of sporoeysts The sporozoites finally enter the blood- 
corpuscles and are meehamcally transferred to another host 
by a blood-suckmg animal 

RemarLs — ^This genus mcludes certam types which were 
originally considered as Hsemogregarmes of cold-blooded 
ammals KoUer (1913 a, h and 1920 h) showed that the forms 
withm the blood-corpuscles are sporozoites, and that the rest 
of the cycle takes place in the endothehal cells of the blood- 
vessels (mstead of the mtestme as in the typical cocczdian) 
and IS of the Eimeria type Reichenow (1919) described 
another genus, SchellaoLta, from hzards, m which the develop- 
ment IS on similar hnes, but takes place m the mtestme 
He (1921 a) placed the tivo genera m a new family, Lankesterel- 
hdffi, and Wenyon (1926) followed this arrangement , but 
Reichenow (1929) has smee placed both genera m the family 
Eimerndss, and Hoare (1933) has put them m a new subfamily, 
Ckyptospondimas, of the same 

Key to Indian Species 

Sporozoite like a vermicule, witli its anterior [p 159. 

extremity tapering, 10— 15 fi m length L minima (Cbaussat), 

Sporozoite usually constricted into 3 segments, 

the middle contaixung the nucleus, [p 162 

15-16/1 m length . Zl momlis (LabbS), 


93 Lankesterella mimma (Chaussat) (Rig 72 ) 

Angutllula minima, Chaussat, 1850 

Drepamdtum ranarum, Lankester, 1871, pp 387—9, figs 3, 4, 
1882, pp 53-66 , Labb5, 1891, p 479 , 1892, p 617 , 1893, 
p 1207 
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Drcpantdium princeps, Labb6, 1894, p 7G 

LankestercUa ranarutn, Labbe, 1899, p 74 , Minchin, 1903, pp 239, 
253-7, 260, 261, 265, 267, 270, 345 . 1912, pp 372-S 
Lankesterdla Slinchm 1903 p 265 

•f LankestercUa intnima, Patt-on, 1908 p 319 , 1909, pp 146-7 
Hvmogregarina mtnima Llatlus & Leger, 1911, pp 448—9 
iantes/creWo «iJniwi«t, Mincbin, 1912, p 372, Koller, 1912, pp 201-S, 
pi 3 JS, 1913 o,pp 313-16, 1913 6, pp 222-32, pi xiv Ogs 55- 
68, pi xv, figs 69-72, 1920 o,pp 169-89, pis iv-m, Wenyon 
1926, pp 878-80, fig 3S0 , p 1105 
■\LankcstercUa imnima, Scott, 1926, pp 237-8 , 1927, pp 190—1 
LankestercUa minima, Reichenow, 1929, pp 964r-5, fig 930 , Kudo, 
1931, p 276, fig 15, g 

LankestercUa ranaritm, Calkins, 1933, p 545, fig 218, JB, C 


Infection of the frog is brought about by a leech, which 
introduces the sporozoites Sporozoites make their way mto 
the blood-capillaries of various organs, and apparently enter 
the endothehal cells, where the entire development takes place 
Each sporozoite becomes rounded, groM-s mto a schizont, 
and produces a large number of merozoites The merozoites 
escape mto the blood and infect other endothehal cells Mero- 
zoites of a special kmd are fiiiall 3 ’^ produced, and these, after 
entenng the endothehal cells, develop mto micro- and macro- 
gametocytes Slicrogametocj-te produces a large number of 
microgametes, and fertilization of the macrogamete results 
An oocyst is formed round the zygote, wluch breaks up directly, 
without the formation of sporoblasts and sporocj^ts, mto 
a number of sporozoites The latter, by rupture of the oocyst, 
escape into the blood and enter red blood-corpuscles Here 
the sporozoite is seen as a small verniicule, vhich may attam 
half the length, but no more, of the corpuscle The leech 
sucks up sporozoites with the blood and transfers them 
mechanically to another frog (tadpole) 

Dimensions — Sporozoite 10-15 p. m length 
RcniarLs — The cycle as described above is based on the 
researches of NoUer {1912, 1913, 1920) As Wenyon has 
remarked “ if tins cj^cle of development is confirmed, it is 
a remarkable one m that the nhole development, up to the 
formation of sporozoites, takes place m the endothehal cells 
of the blood-vessels, and is an illustration of a coccidium, 
origmaU}’' transferred from host to host m the oocj'^ 
as m the more typical forms, havmg become adapted to me 
in the blood-stream The possibihty of the escape of the 

oocysts to the extenor havmg been lost fay this change oi 
habit, the difficulty is overcome by the leech transferrmg 


from host to host ’ 

Some observers have described the verimcule m becom^ 
spherical and undergomg schizogony m the red blood-corpuscles, 
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but NoUer bebeves that such schizonts belong to Dactylosoma 
ranarum, another parasite of the frog’s corpuscles 

Habitat — ^Blood of Sana ttgrina Baud , and m the leech 
which transmits it ^Lu)KAS, Madras , also from the same 
host from India in the Zoological Gardens, London 







162 SPOROZOA 

94: Lankesterelia momlis (Labb6) (Fig 73 ) 

Harmoj/rejonnarananiw (part). Colli & Sanfoliee, 1891, p 504, pi v, 
figs 2, 3. 4. 12-15 , Kmso. 1890, p 641 
Drcpomdnim 7nomfc, Labb6, 1894, p 76, pi ui 
LanLesterella momlis, Labb6, 1899, pp 74-5, fig 140 
’fLantestcrella momlis, Borestneff, 1903, pi vin, fig 7 
LanLesterella momlis, Minchin, 1903, pp 265, 267, 346 

Free stages very mobile and sbo'wing successive undulations 
in locomotion Body shows constriction mto three segments, 
the middle one contavmng the nucleus Nucleus vesicular, 



Fig 73 — LanLesterella mamlis (Labb6) 

Free forms (After Labbfi ) 

containmg a karyosome and numerous chromatoid granules 
No vacuole Cysts as in L ranarum 

Habitat — ^Blood of Bana tigrina Baud and B limnacJians 
Wiegmann Bombay, Bombay 


Subfam iy CYCLOSPOBINiE Wenyon, 1926 

Oocysts contam two sporocysts, each containing two, four, 
or eight sporozoites 


Genus ISOSPORA Aim6 Schneider, 1881 

Isospora, Ami4 Schneider, 1881, p 401 

Goecidium, Grasai, 1881, p 135, pi m, figs 37-40 , p 192 

Diplospora, Labb6, 1893, p 407 

UyaloLlossia, Labbd, 1896, p 535 , 1899, p 56 

Isospora, Labb6, 1899, p 72 

Diplospora, Labb6, 1899, p 71 

Isospora, Laveran & Mesrul, 1902 c, p 83 , Castellaru & Qlialmors, 
1919, pp 473, 475 , Dobell, 1922, pp 1497-8 , Craig, 1926, 
pp 349-53, Wenyon, 1926, pp 806-28, Knowles, 1928, pp 351- 
8 , Reichenow, 1929, pp 965—61 , Kudo, 1931, pp 274—5 , 
Calkins 1933, p 665 , Hoare, 1933, pp 364-9, 383, 386 

Oocyst develops two sporocysts, each contaimng four 
sporozoites 

Bemarics — Species belonging to this genus are knoira from 
man, cats and dogs, birds, lizards, and frogs Cats and dogs 
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liarboxir three distinct species One, or probably two, species 
are knoivn from man Becker (1934) gives the names and 
hosts of 42 named species and the hosts of 4 unnamed species 
of Isospora 

Key to Indian Species 


1 (12) Infeotton limited to epithebal cells 

2 (4) Oocysts sphencal 

3 Oocysts 18-23 y. in diameter , sporo- 

cysts 12-16 /I by 8-10 /t Intra- 
nuclear 

4 (2) Oocysts not spbencai 

o (10) Oocysts egg shaped 

6 Oocysts 2.')-33;i by 12 5— 16/1 , sporo- 

cjsts 12—14 ft by 7—9 ft In man 

7 Oocysts 35—45 ft by 25—35 ft , sporo- 

cysts 18 4/1 by 11 4/i In cats 

8 Measurements of oocysts and sporo- 

cysts not recorded In lizaMs 

9 Oocysts 15 ft by 15ft, spororysts 

7 5 /I in diameter In cobra 

10 (6) Oocysts subcylmdrical 

11 Oocysts 16-20/t by 11— 14/i, sporo- 

cysts 8 /t by 4/1 

12 (1) Infection may evtend to the sub- 

epithelial tissue also 

13 (14) Larger oocysts 18-20/1 by 14-16/1 (in 

dogs), smaller oocysts 10-14 /i by 
7 5-9 ft (in cats and dogs) , sporo 
cjsts 13 5-15 5/1 by 9— lO/i 
14(13) Oocysts 20-25/1 by 15—22/1, sporo- 
cysts 16/1 by lO/i 


2 

3 

[Das Gupta, p 170 
I knowlesi Ray fc 
5 

6-9 

I belli Wenyon, p 163 

I /cZw Wenyon, p 168 
[P 167 

I calotesi, sp nov , 
[Das Gupta, p 170 

I minuta Mitra & 

II 

[Das-Gupta, p 172 
I iienyom Ray & 

13 


[p 165 

I biqemina (Stiles), 

[p 171 

I rivclta (Grassi), 


95 Isospora belh Wenyon (Eig 74 ) 

Isospora honunts, Dobell 1922, pp 1497—8, fig 333 A 

Isospora belh, Wenjon, 1923a, p 269 
risospora belh, K-noWles, 1924, p 64 

Isospora belh, Wenyon, 1926 pp 820—4 fig 350, 7—10 , 1926 a, 
pp 253-66 

Isospora liomtms, Dobell, 1926, pp 74—85 , Craig, 1926, pp 349-53, 
fig 62 

flsospora belh, Knowles, 1928, pp 356—8, fig 81, 4, 17—21 

Isospora belh, Reichenow, 1929, p 958, fig 923 , Kudo, 1931, 
p 274 , fig 114, a-c , Calkins, 1933, p 405 
'\Isospora belh, Knowles, 1933, p 53 , Das Gupta, 1934 pp 133—4, 
pi 11 

Only the oocysts and sporocysts are known The former 
are elongate, egg-shaped, mth one end more constricted 
than the other, forming a land of neck They are transparent, 
colourless bodies, with a v all consistmg of two layers, the outer 
thick and porcellanous, the inner thm and membranous 
At the narrow end there is an mdicftion of a inicropvle 
In fresh stools are found unnpe oocj'sts unth cytoplasnuc 
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contents contracted into a spherical body with highly refractile 
granules, and a single nucleus seen as a clear pale area The 
oocysts complete their development in one to four days, 
according to the temperature The cytoplasm divides into 
two sporoblasts, which become elongated and covered with 
cyst- walls In each sporocyst are developed four sporozoites 
and a large spherical residual body Sporozoites are elongate 
structures, rounded at the anterior and tapermg at the posterior 
end, and with a nucleus lymg at the junction of the anterior 
and the middle third 

The orgamsm is probably a parasite of the epithehal cells 
of the small mtestme, where schizogony and the development 
of the gametocytes Will be foimd to occur 



Fig 74 — laoapora belh Wonyon 

A, iramature oocyst , B, mature oocyst 
(From Rejchonow, after Dobell ) 


Dimensions — Oocysts 25-33 ft in length by 12 5-16 /t in 
width , sporocysts 12-14 ft by 7-9 ft 
Pathogenicity — Wenyon (1926) reports an observation by 
Conrad (1922) on a laboratorj'’ worker who accidentally m- 
gested material contauung developed oocysts Six days later 
diarrhoea set m and persisted for thirty days The oocysts 
were found three weeks after the onset, and persisted m the 
patient’s stools for 12 days, after which they disappeared, 
and recovery was complete 

Similar symptoms and similar cysts have been found by 
a number of workers m different coimtries, but it is not certain 
tf they belong to one or more species 
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BemarLs - — The parasite named Isospora Jiomims (Railhet 
& Lucet, 1901) was first discovered by Virchow in i860 
Human Coocidia were observed, among others, by Woodcock 
(1915), Wenyon (1915), Cragg (1917), Dobell and O’Connor 
(1921), and Reichenow (1925), and referred to I homims, 
but according to Wenyon (1926) all these later findmgs of 
Isospora oocj’^sts refer to I hellt and not to I homims, which 
he regards as a species with small oocysts Dobell (1926) 
considers that the small subepithehal form is identical with 
the larger form m the epithehum Ho holds that the case 
for ti\o species is not proven, and that the name Isospora 
homims should be adhered to Wenyon (1926 a) has rephed 
vigorously and adlieres to his former opmion Reichenow 
(1929) recognizes the two species as distmct 
Cragg (1917) reported four cases from Bombay, but aU these 
patients are beheved to have contracted the infection m the 
Mediterranean war area Knovles (1928) reported having 
observed the mfection in man five times during the six pre- 
cedmg years, and reported another case m 1933 Das-Gupta 
(1934) recorded his observations on the case of a Bengah 
Brahman from Calcutta who had never been abroad 
Habitat — ^Fasces of man Bombay, Bombay , Bengax, 
Calcutta 

96 Isospora bigemina (Stiles) (Fig 76 ) 

CJorpuscles g^nun^s, Fmck, 1854 

Cytospermiutn villonim intestinahum cams et felis, Rivolta, 1874, 
p 1 , 1877, pp 42-6, 85-8 

Cocctdiitm bigennnum, Stiles, 1891, p 163, 1892, pp 517—26, 
RailliGt& Lucet, 1891, p 250, Labbe, 1896, p 545, 1899, p 67 
t-Tsosporo btgcmtna, Cast-ollam & Chalmoirs, 1919, p 473 

Isospora btgcmma, Wenyon, 1923 a, p 257, pi xui, figs 1—11 , 
Wenyon & Sheather, 1925, p 10 , Wenyon, 1926, pp 809—13, 
figs 343, 344, 1926, pp 253-66, Knowles, 1928, pp 351—5, 
fig 81, 2 , Reichenow, 1929, p 957 , Kudo, 1931, p 274, 
fig 114 d 

Sporogony not confined to the epithehal cells , it usually 
takes place and is completed m the subepithehal tissue of the 
vilh In the acute stages of infection reproduction occurs 
in the epithehum, and immature oocysts are passed m the 
fseees Oocysts of two types The smaller ones occur m 
both cats and dogs, while the larger ones have hitherto been 
seen only m dogs The oocysts npen in the gut-tissue rather 
than m the fseees . they have thm walls and the sporoeysts 
may escape from them and be present m the faeces and carry 
the infection from one host to another The sporocyst 
contams four sporozoites and a httle residual substance m the 
form of a small clump or as dispersed granules 

Dimensions — Oocysts, smaller 8-14^ by 7-9 /t, larger 
18-20 ju. by 14-16 /X , sporoeysts 13 5-15 5/x by 9-10 /x (in dog) 
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Bemarks — ^This parasite is usually found m the subepithelial 
tissue of the vilh, •where it completes its sporogony, so that 
immature oocysts are not passed out in the faeces Wenyon 
and Sheather (1925) had an opportunity of studymg the 
intestine of a dog which had been killed dunng an acute phase 



Fig 7o- — Section of villus of cat, showing Jaospora bigemina in the 
subepithelial tissues and Isospora fehs m the opithehum 
( X 1000) Six mature oocysts of I btgemma are seen in the 
subepithelial tissues In the epithelium are seen a micro 
gamotocjto with microgametes, and one partially grovm 
and two mature macrogamotocytes (After 'Wenyon ) 

of infection The iv hole of the epithekum of the small mtestme 
was found to be crowded with reproducing parasites , but 
the subepithehal tissue was not invaded The schizonts 
were small, measunng up to 5 /x and giving rise to eight minute 
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merozoites There were numerojis Inacrogametocytes measuring 
about 7 6 /X m diameter Durmg life this dog passed m its 
fseces numerous immature oocysts measurmg 10-14 /x by 
7 5-9fi., the sporocysts measuring 7 5-9/x by 5-7 p. In 
another puppy a large number of oocysts of the same dimensions 
were passed, and completed their development outside the 
body m the usual manner, formmg two sporocysts, each with 
foiu sporozoites and a residual body 
Wenyon (1926) is of the opimon that there are three species 
of Isospara m cats and dogs, and gives the dimensions of the 
oocysts as follows — 

I felts, 39-48 /X by 26-37 ;x 
I nvolta, 20-24 /x by 15-20 ft 
I htgermna (large), 18-20 /x by 14-16^ 

I higemtna (small), 10-16^ by 7 5-10 /x 

Dobell (1926) criticizes this view, but Wenyon (1926) 
adheres to it Reichenow (1929) recognizes these species as 
distmct Accordmg to Yakimofif, Matikaschwih, RastegaiefF, 
and Lewkowitsch (1930) the domestic cat harbours three 
species, VIZ , 1 htgemma var catt (Stiles), 1 rivoUa (Grassi), 
and I felts Wenyon Sen (1932) noted an umdentified 
coccidian from a dog at Muktesar 
Hahtiat — Subepithehal tissue of the mtestme m dogs . 
Cettlon, Colombo 

97 Isospora calotesi, sp nov 

'\Isosj)ora sp , Setna, 1933, p 97 

Schizonts spherical Multiple fragmentation gives rise to 
a number of small ovoid merozoites which gradually become 
vermiform Merozoites vary m size there may be four large 
merozoites clustered round a central cytoplasmic residue, 
or a large number, up to about 100, of slender fusiform mero- 
zoites Male and female gametocytes may develop m the same 
epithehal cell or m separate ones, and m the earher stages are 
difficult to distmgmsh from the schizonts and from one 
another 

Remarks — The developmental stages are clearly marked off, 
and as many as 80 per cent of the lizards esammed were 
infected Infection was hrmted to the epithehum , the sub- 
epithehal tissue was not affected 
Dimensions — Schizonts up to 22 /x by 17 /x , merozoites, 
small and slender 9 /x by 12^, large 8 /x by 2 8 /x 

Habitat — Intestme of the lizard, Calotes versicolor (Daudm) 
Bombay, Bombay 
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98 Isospora felis WeByon (Figs 76 & 76 ) 

Isospora Jelis, Wenyon, 19^3 a, p 248, pis ix-xu , 1926, pp 808, 
814, figs 342,344-8, 1926 a, pp 253-66 
■\Isospora sp , Knowles, 1928, p 364 

Isospora Jelis, Reichenow, 1929, p 956, figs 921 A, 922 , Kudo, 
1931, pp 274, fig 114/ 

Jlsoapora sp (“ type B ”), Knowles & Das Gupta, 1934, pp 387-90, 
pi vu, figs 1-4, 6 

"Development takes place m the epithelial cells only of the 
small intestine and not in the deeper layers of the vilh Oocysts 
egg-shaped, with one pole somewhat narrowed The oocysts 



Fig 7 6 — ^Mature oocyst of Isospora Jehs Wenyon 
(From Reichenow, after Dobell ) 

drop out of the epithehal cells into the lumen of the gut 
and pass out with the faeces, the formation of sporooysts and 
sporozoites takmg place m the oocysts while outside the body 
of the host The macrogametocyte is easily distmgmshed 
in shghtly advanced stages, as it has a smgle nucleus with 
a characteristic appearance In the nucrogametocjde the 
nucleus divides repeatedly and htmdreds of microgametes 
develop m each Each rmcrogamete is a flexible rod-hke 
body with two flagella Fertihzation takes place while the 
macrogamete is within an epithehal cell The oocyst develops 
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a thick chitmous wall after it has passed into the lumen of the 
intestine Oocysts containing two sporoblasts may be found 
m the gut, and m this condition are passed out m the feces 
Outside the body the sporoblasts in the oocyst elongate, acquire 
a double contour, and become sporocysts In each sporocyst 
are developed four club-shaped sporozoites and a large rounded, 
granular, residual body 

Dimensions — Oocysts, egg-shaped type 35-45 p. by 25-35 p 
(39-48 p by 26-37 p according to Wenyon), rounded type 
25-37 p by 21— 37p, mierogamete 3 Ip, sporocysts 18 4p 
by 11 4p 

Bemarks — ^Knowles (1928) stated that Isospora infection 
was not uncommon m cats in Calcutta, and that infection 
v as absolutely limited to the epithehal cells, but did not mention 
the name of the species or give the dimensions of the oocysts 
On my request for further information, Knowles and Das- 
Gupta (1934) exammed the stools of 13 cats and 8 kittens, 
and by the employment of concentration method found 
14 out of 21 ammals exammed to be mfected In all they 
measured 353 oocysts After discussmg the views of Wenyon 
and of Dobell they are of opmion that the evidence collected 
by them seems to pomt to two “ types ’ bemg present, 
though they are not m a position to assert that they are 
different species The smaller, oval type of oocyst encountered 
measured firom 20 4 p by 15 3 p to 47 6 p by 40 8 p and the 
larger, egg-shaped type of oocysts measure 38-46 p by 
27—36 p 

Their “ tjqie A” or small oocysts are always perfectly oval 
and resemble I rivolfa, and the “ type B ” or large oocysts 
are more egg-shaped, pyriform or ovoid, and resemble I felts 
I am mchned to thmk that the form of the oocyst and the 
measurements given show that the two ” types ” are distmct 
species, as is held by Wenyon and Reichenow 

The vast majority of the oocysts seen by Knowles and Das- 
Gupta m freslily passed feces Avere m the unsegmented state, 
Avith the protoplasmic contents present as a smgle spherical 
mass withm the thick oocyst wall, while m a few the first 
nuclear division had taken place and two sporoblasts were 
fomimg, although the sporocysts had not yet formed They 
also noted the occurrence of a fair number of motile sporozoites 
m the contents of the jejunum and ileum, both m the firesh 
preparations and m fixed and stained films, from which 
they conclude that an occasional oocyst may develop to maturity 
withm the lumen of the gut, although the vast majority are 
passed in the unsegmented state 

Habitat — ^Epithehal cells of the small intestme of cat, 
Felts domesticus Linn Bekgai., Calcutta 



170 


SPOBOZOA. 


99 Isospora knowlesi Eay & Das-Gupta (Rg 77 ) 

•^Isospora sp , Knowles & Das Gupta, 1935, pp 703, 705, pi x3cx, 
figs 14, 20 

Isospora knowles^, Ray & Das Gupta, 1937 c, pp 269—74, pi vn 

Yoimg gainetoc 3 rte intranuclear Male gametocyte gives 
nse to biflagellate gametes -whicli drop mto the lumen of the 
mtestme or penetrate the neighbourmg epithehal cells 
Oocysts thick-walled, spherical Sporo cysts elhpsoidal, with 
a Imob-hke structure at one pole Sporozoites arranged 
regularly, with large sporocystic residue Unsegmented 
or segmented but immature oocysts discharged from the host 
Sporulation takes place m 4 to 5 days 



Fig 77 — Isospora hnowlesi Ray & Das Gupta A, oocyst within the 
nucleus of a host cell , J3, oocyst from the faecal matter , 
Cj mature oocyst (After Ray & Das Gupta ) 


Dimensions — Oocysts 18— 23/i m diameter, sporocysts 12- 
15p,by 8-10/x 

Remarks — The oocysts resemble those of Isospora mesnili 
Sergent (1902) m bemg mtranuclear m habitat, and approach 
those of I camilleri Hagenmuller (1898) m size 

Habitat — Nuclei of epithelial cells of the small mtesrme oi 
Hemidactyhis fiamvindis (Ruppell) Bengai, Calcutta 


100 Isospora minuta Mitra & Das-Gupta 

Isospora minuta, Mitra & Das Gupta, 1937 a, p 291 

Oocysts disporocystid, final stages of sporogony taking place 
outside the body of the host Sporocysts spherical Oocystic 
residue absent 

Dimensions — ^Maximum size of oocyst 15 /i. by 7 5/x , sporo 
cyst 7 5/Lt m diameter 

Remarks — Bull description of the species has not yet been 
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published The form is said to differ from I dirumpens 
Hoare m that development mside the oocyst takes place 
outside the body of the host The disporocystid condition of 
the oocyst was evidenced after bemg kept m 1 per cent chromic 
acid for three days It also differed from I naiss Fantham 
m that there was no oocystic residuum 

Habitat — ^In the fsecal matter of Naja naja (Linn ) Bengal, 
Calcutta 

101 Isospora nvoita (Grassi) (Pig 78 ) 

Coccid«/77i rit’oZto, Grassi, 1879, p 135, pi xxxui, figs 41—4, 1881a, 
p 632 

Coccidtum btgeminum, Labbe, 1899, p 67 

Isospora riiolla. Brown & Stammers, 1922, p 1165, Wenyon, 
1923 o, p 260, figs 12-15, 1926, pp 808, 813, figs 342, 345, 
346, 350 

t/so.^ora sp , (“ type A Knowles, 1928, p 354, fig 81, 2 

/so^porarii'ofto, Reichenow, 1929, pp 956-7, fig 9216, Kudo, 1931, 
p 274, fig 114e 

'\lsospora ntoUa, Knowles & Das Gupta, 1931, pp 175—6, pi ix 

fisosporo sp (“typo A”), Knowles & Das Gupta, 1934, pp 387-90, 
pi %u, figs 5, 6 

t/sospora nvoita, Aiyar 1937, p 402 

Oocysts ovoid, with a double contour In each are developed 
two sporocysts, and a small residual body may be present 
The sporocysts are elongate bodies with rounded ends 



Big 78 — ^Matmo oocyst ol Jsofpora molta (Grassi) 

(After Reichenow ) 

Each sporocyst contams four sporozoites and a large residual 
body filled with globules of a refractde material The infection 
is usually confined to the epithehal layer, but the form may 
also reproduce m subepithehal tissues of the aliment arj* canal 
of the host and produce male and female gametocytes 
Dimensions — Oocysts 20—25/1 m length by 15-22/1 in 
breadth , sporocysts 16 /i by 10 /i 
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Eemarks — This is a common parasite of cats and dogs 
ItnoTvIes and Das-Gupta ( 1 934) have recorded the measurements 
of 253 oocysts and consider the smaller oocysts, which arc 
perfectly oval and measure 23-28 /i by 18-23 /n, as belongmg 
to “ type A,” which corresponds to I rivolta (Grassi) 

Knowles and Das-Gupta (1931) also found m the caecal 
contents of a small In^an mongoose immature oocysts of 
a coccidium containmg a single rounded unsegmented mass of 
protoplasm, and studied its development m a moist-chamber. 
The average dimensions of the oocyst were 20 6 ^ by 17 2 /x 
Habitat — ^Epithehal cells of the small mtestme of cat, Fdis 
domestiGus Linn Bengal, Calcutta , also m ohe caocal 
contents of the mongonse, Herpestes auropunHatm (Hodgs ) 
Bengal, Calcutta 


102 Isospora wenyoni Ray & Das-Gupta (Fig 79 ) 

jlsospora vuenyom, Ray & Das Gupta, 1935 a, pp 219-24, pi viii 
Young mtraceUular trophozoites are foimd m the epithelial 



Fig 79 — Isospora wenyom Ray Das Gupta A, merozoito ontonng 
an epithelial coll , B, merozoites escaping into the lumon 
of the intestine , C, raicrogamotocyte , B, microganiotes 
clustered round a central mass of cytoplasm , E, macro 
gametocsrte showmg spherical nucleus and the taryosom^ 
F, macrogameto showing a rocurv'ed tad, an olongat 
nucleus, and two nucrogametes near the posterior on , 
O, mature oocyst (After Ray and Das Gupta ) 
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cells of the small intestme Young schizonts possess eight to 
twelve nuclei, and schizogony results m producmg the same 
number of merozoites Each merozoite is spmdle-shaped 
and caiTies a pair of hyahne blades or laminse at its anterior end, 
which help it to enter the epithehal cell The male gametocyte 
shows a large number of nuclei situated towards its periphery, 
and the mature microgametes are foimd to cluster round 
a residual mass of cytoplasm The macrogametocyto is 
distmguished by its size and by the presence of darkly stainmg 
granules m its cytoplasm , its postenor end shows a short 
recurved tail , the nucleus at an early stage is spherical and 
contains a karyosome, but when mature becomes elongated, 
and the karyosome breaks up mto a number of small, irregularly 
scattered granules Oocysts are subcyhndncal, disporocystid, 
and tetrazoie, and develop outside the host There is no 
oocystic residuum, and the oocystic membrane has a double 
contour Sporocysts have their long axis directed at right 
angles to the long axis of the oocysts , a sporocystic residuum 
is present 

Dimensimis — Trophozoites, young 10 by 3ju, schizonts, 
young 20-25 fi, merozoites 12 /j. by 5fi, microgametes 
2'4:fi by ISfi, macrogametes 16 ^ 20/1 by 11-14 /x, oocysts 
16-20 p. by 11-14 pi , sporocysts 8p. by 4p, 

Habitat — In the small mtestme of the toad, Bufo melano- 
stictus Schneider Bengal, Calcutta 

103 Isospora sp 

■fjso^oro sp , Cooper & Gulati, 1926, pp 191—2 

Oocysts of an umdentified species of Isospora were foimd m 
the faeces of a heifer calf at Bhupatal, of a bull calf and two 
cows at Tocklai, and of a heifer at Shillong, m Assam 

Oocysts were qmte round, and withm twenty-four hours 
two fully formed sporoblasts were seen m all cases 

Habitat — Ahmentary canal of cows Assam, Dhupatal 
Tocklai, and Shillong 


Subfamily EIMERElIN'iE Wenyon, 1926 

Oocysts contam four sporocysts, each containmg two, four, 
or many sporozoites 


Genus EIMERIA Aime Schneider, 1875 

Oregartna, Eimer, 1870, p 4 
Eimena, Aim6 Sclmeider, 1875 a, pp xl-xlv 
Psorospermtum, Rivolta, 1878 
Coccxdium, Leuckart, 1879, p 254 
Orthospora, Aun6 Schneider, 1881, p 389 
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CrystaUospora, LabW, 1S96, p 554 , 1899, p 63 
Oousma, I<abb6, 1890, p 651 , 1899, pp 63—5 
Etmena, Labb6, 1899, pp 58-9 
Faracoccidtutn, Lavoran &. Mcsnil, 1902 b, p 858 
Etmerta, Castellam &, Chalmers, 1919, pp 476-6, Dobell, 1919 o, 
pp 147-97, Snijdors, 1920, pp 427—32, Dobell, 1922, pp 1498-9 
Jarrtna, LdgerA- He*!SO, 1922, pp 74—7 

Etmena, Craig, 1926, pp 353-8 , Tliomson &, Robertson, 1926, 
pp 282-3 , 1926 a, pp 420-1 , Wenyon, 1926, pp 828-62, 
Knowles, 1928, pp 358-66, RoicFienou, 1929, pp 937-55, 
Kudo, 1931, pp 271-4 , Stiles, 1929, p 881 , Levine &, Becker, 
1933, pp 83-100 , Calkins, 1933, pp 403, 605 , Hoare, 1933, 
pp 374-7, 378, 381, 383, 386 r Wonrich, 1935, pp 7-9 . Ray &, 
Das Gupta, 1936, p 345-0 , 1037 d, pp 275-7 

Oocyst develops four sporocysl-s, each containing two 
sporozoites 

Remarl^ — ^The typical lifo-history is ns described by 
Schandmn for JS scfinbcrgi, of which a brief summary is given 
for ready reference Oocysts gam entrance into the host 
through tlio mouth Sporozoites escape from the sporocysts 
and.passmg through the micropylo of the oocyst, move about 
in the lumen of the gut till tho 3 ’^ enter the epithelial cells 
of the gut -wall, whore they grow into schizonts Schizonts 
aro largo rounded bodies, which give rise to merozoites 
The latter escape into tho lumon of the gut and enter new 
host-cells and repeat tho process Some merozoites develop 
into macro- and microgamotocytes The macrogametocyto 
produces a single mnerogamete after extruding part of its 
nuclear material The microgametocyto produces a number 
of hiflagollate imcrogamotes Syngamy takes place and tho 
zygote secretes a membrane around itself, forming an oocyst 
The nucleus divides tvico and four sporoblasts are developed 
inside the oocyst Each sporoblast secretes a membrane 
and becomes a sporocyst, and tw'o sporozoites are developed 
inside each sporocyst Oocysts pass out m the frecal matter 
of the host and infect other hosts by bomg mgosted 

Tho genus has a very wide distribution, numerous species 
having beondesenbod from all classes of Vertebrates, terrestrial, 
freshwater, and nianno, and a few^ Invertebrates (myriopods, 
etc ) They have been found to occur as intestinal parasites 
in man, horses, cattle, pigs, sheep and goats, rat-s and rabbits , 
domestic birds such as fowls, ducks, pigeons, pheasants, etc , 
a fow^ lizards and tortoises , m frogs, nov ts, and salamanders , 
in fish , m centipedes, etc According to levme and Becker 
(1933) no less than 220 species of this genus have been recomed 
from 183 species of hosts of widely different groups These 
hosts include Annehds, 2 species , Mynapods, 6 ’ 

Insects, 3 species , Enteropnousta, 1 species , IishM, 43 
species , Amphibia, 10 species , Boptiles, 26 species , Biros, 
24 species , and Mammals, 60 species Tho shape, dimensions, 
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and colour of the oocyst, the appearance of the oocyst TTall, 
the character of the micropyle, and the presence or absence 
of a residual mass when the sporoblasts separate, as also the 
shape and size of the sporocyat, are taken into account in 
identifying the species Allen (1934) gives a key to twenty- 
four known species of Eimena m birds 

Accordmg to Dobell (1932), Leeuwenhoek probably first saw 
the oocysts of rabbit Coccidia as far back as 1674, but, as 
remark^ by Wennch (1935), it has only recently been demon- 
strated beyond a doubt that rabbit Goccidia are pecuhar to 



Fig 80 — ^Life-cycle of Etmena schubergi (Schuudum) ('X400 ) 
A, entrance of a sporozoite m the gut epithehum ot the host 
and growth of schizont , B, three stages in schizogony to 
form merozoites, which repeat schizogoUy , or G, become 
macro- and imcrogametocyto , D, E, formation of macro- 
gamete , F-H, formation of mlcrogamotes ; I, mature 
gametes and fertilization , J, secretion of a membrane round 
the zygote , K—N, stages in sporooyst formation , O, oocyst 
contarmng four sporooysts, each with two sporozoites, 
P, escape of the sporozoites (From Kudo, after Schaudirm ) 

rabbits and different from those of cattle and poultry , and 
further, that rabbits may harbour five or six different species 
of Eimena, of which E attedss, occurring m the kver, is the one 
most often causmg dise^e and death , the other species 
hve m the mtestme 
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1(15) 
2 ( 8 ) 
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4 

B 
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8 ( 2 ) 
9(11) 
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11 (9) 
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13 

14 

15 (1) 

16 (18) 

17 

18 fl6) 

19 (24) 

20 ( 21 ) 

21 ( 20 ) 

22 (23) 

23 (22) 


Key to Indian Species 


Oocysts sphencal 
Sporocysts with rounded ends 
Oocysts 18-21 ft m diameter, without 
residium , sporocysts 10 ft by 7 ft, 
with residuum In fish and man 
Oocysts almost spherical (sometimes 
oval), 16— 20 ft by 14— 18 ft, without 
residuum , sporocysts spherical or 
oval In lizards 

Oocysts 16— 18 ft m diameter, without 
residuum , sporocysts oval, with 
residuum In tortoises 
Oocysts 20-22 ft, without residuum , 
sporocysts oval, %nth residuum In 
ghanals 

Oocysts sphencal or almost spherical, 
12-25 ft in diameter, sporocysts 
pear shaped, 9 9-1 1 ft by 5 3-5 7 ft , 
without residuum In cattle 
Sporocysts fusiform or with pro 
jections 

Sporocysts elliptical, narrow end pro- 
jecting as a neck and bearing an 
inverted V-shaped appendage 
Oocysts 9— 13ft m diameter, sporo 
cysts 9fi by 4ft In fish 
Sporocysts fusiform 
Oocysts 36-52 ft m diameter, with 
residuum , sporocysts fusiform, 
30-32 ft by 7 5 ft, wnth residuum In 
fish and man 

Oocysts 14ft m diameter, without resi- 
duum , sporocysts spindle shaped, 
with residuum In tortoise 
Oocysts 8-11 ft m thamotor, no resi- 
duum, sporocysts 4 5-6 ft by 3 ft, 
schizonts bear lanunsc at anterior 
end In toads 
Oocysts not spherical 
Oocysts mitre shaped 
Oocysts with 4 or 5 projections, 10— 
16 ft in diameter, without residuum , 
sporocysts oval In tortoises 
Oocysts subsphorical, ovoid, oval or 
cylmdrical 

Oocysts subsphencal, ovoid or lemon 
shaped 

Oocysts subsphencal, 16 4ft by 14 36 ft 
Oocystio residuum present In 
pigeons 

Oocysts ovoid or lemon shaped 
Oocysts lemon-shaped, 17—20 4 ft by 
13 6— 17 ft In lizards 
Oocysts usually ovoid, 20-40 ft by 
17— 26 ft, sometimes sphencal, IS/tm 
diameter, sporocysts 13ft by 8ft, 
with residuum In sheep . 
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24 (19) Oocysts oval or cylindrical 

25 (34) Oocysts oval 

26 (31) Sporocysts ovoid or oval 

27 Oocysts 17-34/x by 11-15^ ivithout 

residuum , sporocysts ovoid 7-9 p 
by 5—7 /i, with residuum In 
lizards 

28 Oocysts egg shaped, 25-35^, without 

residuum , sporocysts pear shaped, 
10 8-14 4p, bj 7-9^ with residuum 
In cattle 

29 Oocysts 32 4-41 4 p by 21 6-28 8p, 

without residuum , sporocysts oval, 
13-19/1 by 3-5 4/1, without resi- 
duum In mlgau 

30 06c>ats egg shaped, 18/t by 14 4/i 

Sporocysts not known In doer 

31 (26) Sporocysts fusiform 

32 (33) Oocysts 18 8-27 04/1 by 18 8-20 8/1, 

without residuum , sporocysts 14 6 /i 
by 6/1 In snakes « 

33 (32) Oocysts 29-31 /i by 22 5—24 5/i, with 

residuum , sporocysts 14 /i by 4-6 /i 
In snakes 

34 (25) Oocysts cylmdrical 

35 (36) Oocysts 36 /i by 18 /i, with residuum 

In. snakes 

36 (35) Oocysts 25 /i bv 12 /i, with residuum , 

sporocysts oval, 10-12 /i m length 
In dsh 
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[galeff, p 194 
E yaktmovt Raste- 

[gaiefi,p 194 
E ‘wasstlewsLyiRaste 
32 

[Gupta, p 188 
E najea Ray & Das- 

[Gupta, p 189 
E piscotoriRay & Das- 
35 

[Das Gupta, p 179 
E cyhndnca'R&y &, 

[p 193 
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104 Eimena clupearum (Thelohan) (Fig 81 ) 

Coccxdwm sp , ThGohan, 1892, p 158, pi xii, figs 13, 14 
Cocetdtum clupearurn, Thelohan, 1894, p 565, pi xvii, figs 19, 20 
Goussia clupearum, Labbe, 1896, p 552, pi xviii, figs 24, 25 , 
1899, p 64 

Etmcrta sp , Wenyon, 1915 6, p 1404 

£tmcno irenj/oni, Doholl, 1919 a, pp 187-8, pi ■v in, fig 2, Castel- 
lam & Chalmers, 1919, pp 47^6, Dobell & O’Connor, 1921, 
p 100, pi VI, fig 104 

•j-£fTneria clupearum, Knowles, 1924,''p 24 , 1928, p 362, fig 83 
Etmcrta clupearum, Wonyon, 1926, pp 851—2, 861, fig 350, 11 , 
Thomson & Robertson, 1928, pp 360—1, 363 , fig 83, 2 , 
Reichenow, 1929, pp 951, 952— 3, fig 918 6 , Kudo, 1931, p 274, 
fig 113 n 

Til© oocyst IS spherical, is of a hght brotvn colour, and possesses 
a fairly t^ck wall, roughened on the outer surface and hned 
by a dehcate membrane on the mner surface It contams 
four sporocysts, each having rounded ends Each sporocyst 
contains two sporozoites and some residual substance in the 
form of one or two masses of refraetde material Each sporo- 
zoite, with rounded anterior and pomted posterior end, con- 
tams an ovoid refraotile body m its anterior portion 

Dirmnsions — Oocyst 18-21 p. in diameter, sporocyst lO/t 
by 7/r 
STOR 
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Bermrls , — Tins form was ongmaUy descnbed as a parasite 
of the liver of herrmgs, mackerel and sprats Wenyon 
(1915 6) found the npe oocysts in the faces of a patient 
returned to England from Gaihpoh Dohell (1919 o), con- 
sidermg it to be a human parasite, named it E wenyoni 


Fig 81 


Fig 82 



Fig 81 — Oocjst of Eftncna rlupfamm (Th^lohan) (After Dobell and 
O Connor ) 

Fig 82 — Etmerta fauret (^Toussn A Morotel) A, immature ooevat, 
B, mature oocyst (From Wenyon, after NGlIor, Schur* 
johann, and Vorbrodt ) 


Knowles (1924) recorded it from the fasces of a man at Calcutta 
Thomson and Robertson (1926) hare shown that the oocysts 
of E dupmrum occur m large numbers in the liver of hemngs, 
mackerel and sprats, and that this is the source of the 
oocysts in human fsces 

Hdbilal — ^Fajces of man Clalcutta 


105 Eimeria columb® ilitra L Das-Gupta 

■fExmena columbs:, ilitra & Das-Gupto, 1937 h, p 291. 

Oocysts subsphencal, tetrasporocystid Oocj^ic residunm 
present SporocjBt dizoic 

Dimenmons — Slaxunum size of oocyst 16 4/t by 14 35/x 
Bem-arL^ — EuU descnption of the sjiecies has not yet be^ 
pubhshed Tetrasporocystid dizoic condition was obserred 
after keepmg the oocysts m 1 per cent chromic acid for four 
days It is said to differ from E avmm (Silvestr & Rivolt^ 
in the oocysts being subsphencal, and from E pfciffen I^abbe 
in oocystic residuum bemg present 

Hdbiiaf — Intestine of the pigeon, Columha htia tnfermedta 
Stnckland * BefgaIi, Calcutta 
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106 Eimeria cylmdrica Ray & Das-Gupta 

^;E^merla cyhndrtca, Raj &, Das Gupta 1936 a, p 345 
Oocysts cylindrical, measuring 36 ;li, by 18 /n Ooc 3 ''stio 
residuum present 

Habitat — ^Rectum of snake, Nairiz piscator (Schneid ) 
Bengae, Calcutta 

107 Eimena faurei (Moussu & Marotel) (Fig 82 ) 

Coccidium sp , Moussu & Marotel, 1901,''pp 1087-9 
Cocctditnn Jauret, Moussu & Marotel, 1902, pp 82—98, 10 figs 
■fCocctdtumJaurci, Baldrey, 1906, p 387 

Etmcria faurci, JTolIor, Schurjohonn &. Verbrodt, 1922, p 993, 
7 figs , Wenyon, 1926, pp 843—4, fig 363, Reichenow, 1929 
pp 945-6, Eastegaioff, 1930, pp 379,399 , Kudo, 1931 p 272 

Oocysts u^Mally ovoid, but sometimes spherical, and possess 
a definite rm^ropyle closed by a cap Four sporoblasts are 
developed m the oocyst and a residual body may or may not 
be present Sporocysts possess a micropyle’ at the more 
pomted end , a residual body is ahvays left in the sporoc37st 
Dimensions — Oocyst, ovoid 20— iO/u by 17-26 /a , spherical 
18/1. m diameter , sporocysts 13/i by 6/i 
Remarks — ^The parasite is said to cause progressive permcious 
ansemia that sooner or later ends fatally 

Habitat — ^Intestme of sheep India (locahty not noted) 

108 Eimena flavivmdis Setna & Bana (Fig 83 ) 

■\EtTneria sp , Setna, 1933, p 97, fig 2, Ray & Das Gupta, 1935 6, 
p 315 

■\E-ime7na (“ species B ”), Knowles & Das Gupta, 1935, pp 703, 705, 
pi XXX, figs 6-9, 17 

1[Etm€na flavivmdis, Setna & Bana, 1935 b , pp 256-60, pis i— lu, 
Raj' &, Das Gupta, 1937 c, p 270 

Vanous developmental stages occilr either m the cells of 
the epithehal hning of the gall-bladder or attached to them, 
or floatmg freely in the flmd in the gaU-bladder Schizonts 
rounded, oval, or irregular m shape and give rise to from 16 to 
140 merozoites Merozoites are elongate curved bodies, 
with pomted extremities jMicrogametocyte is a large ovoid 
body llicrogametes simple, rod-shaped Macrogametocyte 
characterized by a crescentic mass of granules surrounding 
its nucleus Oocysts colourless, eUiptical Four sporoblasts 
develop as roimdisb masses, without the formation of any 
residual body Sporocysts ovoid, without a cap each con- 
sists of tiivo valves, apphed to one another like two watch- 
glasses, and contams two sporozoites, whicb are elongated 
structures shghtlj'' longer than the sporocyst, inth their ends 
coded m The sporocystal residue is represented by a mass 
of granules lyiiis in the middle Development of the sporo- 

n2 
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JFig 83- 


-Bimeria Jlaviiiridts Setna & Bana A, section of 

the gall bladder showmg developmental stages m ^ . x 

hal cells (a, sohizont, h, merozoites, c. 

B, schizont, showmg repeated division of 

C, formation of merozoites, -with a l^g® nmetocvto 
the middle, D, macrogametocyte , E. 

F, oocyst with four sporoWasts , Q, mature 
eporocysts, each with two sporozoites and a r 
(After Setna and Sana ) 
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zoites takes place while the oocysts and sporocyst-s are floating 
in the fluid m the gall-bladder Oocysts pass into the alimentary 
canal and are expelled with thofseces, fresh infection takmg place 
by these bemg ingestod 

Dimensions — Schizonts 12-21 ft, merozoites 8-10 /i by 
1 3-1 5 ft , microgametocj’tes 16-17 ft oocyst 17—34 ft m length 
by 11-16 ft in -audth , sporocysts 7-9^ by 5-7 ft , sporozoites 
9 13 ft by 1 04^ 

Itcmarls — Setna and Bana (1935 b) described this parasite 
as a new species under the name ofE Jflaitiindis,!ind observed 
both scluzogony and sporogony taking place ^vlthm the gall- 
bladder Development of the ooci st is completed m 62 hours 
within the gall-bladder, or withm 54 to G1 hours outside the 
body of the host under experimental conditions 

Rarely oocysts contaimng three sporoblasts and three sporo- 
cysts were encountered, but one of these uas double the size 
of the others and developed four sporozoites, the total number 
of sporozoites bemg thus the normal number eight 

j&nowles and Das-Gupta (1935) have recorded three species 
from the same host In their “ species B ” the oocysts range 
in size from 17-22 ft m length by 12-15^ m breadth They 
also met with occasional giant forms measunng over 30^ 
m length, and remarked that they possibly correspondeJi 
with the species observed by Bana and reported by Setna 
(1933) The oocyjts reported by Setna and Bana measured 
25-34 ft m length and 11-14 ft m breadth It is thus highly 
probable that E flamiindis described by Setna and Bana 
from Bombay and “ species B ” described by Knowles and 
Das-Gupta from Calcutta are identical 

The species shows a very close resemblance to E agamse 
Laveran & Pettit, 1910, as regards the occurrence of both 
schizogony and sporogony m th^e gall-bladder and bile-ducts 
and m the form and dimensions of the oocysts, but differs as 
regards the form of the sporocysts In E agamse the oocysts 
are more or less elongated oval, measunng 20-25 ft by 11-14 ft, 
and the sporocysts fusiform, measunng 8 ft by 4ft In 
E fiahivmdis the sporocysts are ovoid, and measure 7— 9 ft 
by 5-7 ft 

Rahitat — Gall-bladder and mtestme of the lizard, Semi- 
dactylus fiavimridis (Ruppell) Bengal, Calcutta , BoiiBAY. 
Bombay 

109 Eimena harpodoni Setna & Bana (Fig 84 ) 
t-Eimena sp , Setna, 1933, p 97, fig 1 

tSinieria ftarporfoni, Setna & Bana, 1935 a pp 1C5-9, figa 1—4 

Oocysts almost sphenoal, with four sporoblasts and a large 
honevcomb-hke residual body Sporocyst elliptical m outhne. 
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vnth the narrow end of the oval projecting in the form of 
■a neck, and bearing a broad, inverted, V-shaped appendage, 
clearly insible in both Irnug and stamed preparations Each 
sporocyst contains tv, o sporozoites, -and a sporocyst residue is 
usually present at one end Sporozoites usually shghtly 
curved, with one end broader than the other 



A B 

Fig 84 — EttMna harpodom Setnn & Ban/» .4, spherical oocjst with 
four sporoblasts, from the lumen of the gut , B, mature 
oocyst with four peculiar-shaped sporocvsts each containing 
two sporozoites and residue, after do\eIopment outside the 
body {After Setnn and Sana ) 

Dimensions — Oocysts 9-13 p. in diameter, sporocysts 
9p by 4p 

Hahiiat — Akmentary canal of the fish popularly known 
as “ Bombay Duck,” Harpodon neherevs (Ham -Buck ) 
Bombay, Bombay 

110 Eimeria hemidactyli Knonles & Das-Gupta (Fig 85 ) 

tBifnena hemidactyli, Knowles & Dos Gupta, 1935, pp 703, 705, 
pi xsa., figs 10-13, 18, 19 , JRav &■ Das-Gupta, 1937 c, p 270 

Oocysts lemon-shaped No micropyle could be seen, but 
the wall of the oocyst was defimtely thumer at the narrow 
anterior pole than at the posterior end 



Fig 85 — Eimeria hcnudactyh Knowles & Das Gupta 
Lemon-shaped oocjsts (After l^owles and Das Gupta ) 
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Dimension'S — Oocysts 17-20 4ft by 13 6-17 ft 
Hahtiat — Gut-contents oi Hermdactylusfiaviviridts (Ruppell) 
Bengal, Calcutta 


111. Eimeria kermorganti (Simond) (Fig 86 ) 

'fCocctdtutn kermorganti, Simond, 1901 c, pp 483-3, figs 1-6 
Etmena kermorganti Wenyon, 1926, p 860 , Eeichonow, 1929, 
p 949 

In the young condition the macrogameto is a small, naked, 
granular sphere, provided with a nucleus and situated in a host- 
cell The sphere grows tail it reaches a diameter of 20-22 ft 
After undergomg syngamy it secretes a double membrane 
round itself The granular mass contracts and divides 
into four sporoblasts Oocyst spherical , contams four oval 



Fig 86 — Eimerta kermorganti (Simond) A, growing macrogameto ; 

B, encysted condition , C, oocyst containmg sporoblasts , 
D, oocyst contarmng four sporocysts , E, fully developed 
sporocyst , F, schizont dividmg mto raerozoites (After 
Simond ) 


sporoc^ts without any residuum Sporocyst oval , con- 
tams two comma-shaped sporozoites, the larger ends of which 
are situated at opposite poles, and there is a small mass of 
sporocystal residuum Schizogony was found m some cells, 
resultmg m a large number of merozoites 
Demarks — ^It is rare to find a Coccidium m an organ firom 
which there is no exit for the npe oocysts Simond beheved 
that the parasite must he occuixmg also m other organs con- 
nected with the mtestme, but could not find them there 

Habitat — Spleen of the gharial, Qaviahs gangeticns (Gmehn), 
of the River Ganges 
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112 Eimeria knowlesi Bhatia (Fig 87 ) 

fSiwcria (** species A Knoirles <fc Das Gupta, 1033, p 701 
pi XXX, figs 1—5, 15, 16 
Etmena knotcjcsi, Bhntia, 1936, p, 177 
■fEvnena (“ species A ”), Ray & Das Gupta, 1937 c, p 270 

Oocysts almost spherical, sometmies oval The mature 
ooej’-st contems four sporoeirats, each contammg two sporo- 
zoites, and does not show any micropyle Sporocysts show 
no cap 

Dirmnstons — Oocysts from 16-20 a by 14r-18jLt 



A B 

Fig 87 — Eimcna iiiotcfcsi Bhatia A spherical oocyst , 

B, oval oocyst lAfter Knowles and Dos-Gupfa ) 

Rem<zrLs — Knowles and Das-Gupta (1935) remark that the 
form may be Ei7neria ratUt^H L^ger, but it was not possible 
for them to make certam as they were imable to obtam 
Lagers paper m India, nor could it be procured even in 
London This was due to the reference having been WTongly 
cited by Wenyon Goccidtuvn railheii was ongmally described 
by L4ger (C R Soc Biol xi, i (1899), pp 309-11) from 
Anguts fragdts Lmn , and an abstract of the paper is given 
m Wiegmann’s ‘ Archiv ’ (1904, pt 3, pp 115-16) The oocysts 
of E knowlesi correspond to those oiE railhcii m size, but those 
of the latter are oval and show a small buttou-hke protuber- 
ance at one pole As, however, the oocysts m E knoidcsi 
are sometimes oval, and the size-range is not markedly 
different from that of E flavnnrtdis (=“ species B ” of 
Emowles and Das-Gupta, 1935), it is not certam that it is 
a distinct species 

Habitat — Gut-contents of hfeniKfacfyhw ^^^^^^^(Ruppell) 
Bengai., Calcutta 

113 Eimeria koormm Das-Gupta 

\ 

■fKtmena koorms:, Das Gupta, 1938, p 155 

Oocyst spherical, thick-walled, possessing a psoudo-micropy k 
when mature , without oocystal residuum Sporoblasts 
spindle-shaped , sporocystal residuum present 

Dimensions — Oocysts 14:/x m diameter , sporoblasts 10 fi bj 
4 5/ll 
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Remarks — ^FuU description of the form has not yet been 
pubhshed It differs from E legeri (Simond), described from 
the same host-species, m the form of the sporoblasts 

Habitat — ^Rectum of the Indian tortoise, Ltssemys punctata 
Bonnaterre BENOAii, Calcutta 


114 Eimeria lammata Bay (Fig 88 ) 

'\Eimenalaymnala Ray, 1935, pp 369-73, pi x, figs 1—11 

Young schizonts occur in the intestmal epithelial cells ; 
hberated merozoites are active “ gregarmul®,” and show two 




Fig 88 — Eimena lam7jta(a Bay a portion of the transverse section. 

of the small intestine (a, merozoite free m the lumen , 
6, merozoite entering a cell , c, macroschizogony , d, micro- 
gamete formation , e, macrogamete , /, imcroschizont , 

ff, three merozoites m a cell), B, C. macro- and micro- 
Bchizonts ahowmg lamin® and a siderophilous area containmg 
contractile elements, D, oocyst showing sporoblast-s 
E, mature oocyst (After Ray ) 


kmds of movements, viz , a bendmg movement and a screwmg 
movement, m which the oxgamsm turns rapidly on its long 
axis and advances with the more pomted end forwards This 
anterior end of the body bears on either side a hyahne blade- 
hke structure or lamma Schizogony is initiate at a very 
early stage and there are two types of schizonts (a) macro- 
schizonts, releasing twenty to thirty macromerozoites, which 



186 


SPOROZOA 


develop into macrogametea, and (d) nucroschizonts, producmg 
SIX to eight micromerozoites, -which hecome microgametocytes 
and give rise to minierons uniflagellate mierogametes The 
imcroschizonts are distinguished by the absence of darkly 
staining granules from their cytoplasm, while the macro-* 
schizonts show the granules scattered through the cyto- 
plasm from a very early stage Sporogony Is stnctly mfra- 
cellular The oocyst occurs m the mtestmal epithelial cell, 
IS spherical, and develops four sporoblasts , there is no oocystic 
residuum The sporocysts are spindle-shaped, and each 
contains two sporozoites and a residuum The mature 
oocysts are dropped mto the lumen of the mtestme and pass 
out m the frecal matter 

Dimensions — Young schizont and merozoite 3/j. by 125 /a 
to 12 /X by 6 jj . , oocyst 8-11 /x in diameter , sporocyst 4 6-6/* 
by slightly less than 3 /* 

Remarks — Of the 200 specimens of Bufo melanostictvs 
examined only two were found to be infected, and schizogony 
and sporogony were occurring simultaneously m the same 
individual 

Habitat — Small mtestme of Bufo melanostictus Schneider 
Bengal, Calcutta 

115 Eimeria legeri (Simond) (JFig 89) 

■^Coccidtum legeu, Simond, 1901 d, pp 485~6, figs 1-6 
Etmeria legen, Wenyon, 1926, p 860 , Reichenow, 1929, p 950 

Young macrogametes enter the cells of the hver and grow 
till they reach a diameter of 16-18 /*, when they acquire a thm 



D E F 


Rjg 89 — Exmena legen (Simond) A, growmg maerogamete , B, en- 
cysted condition , C, oocyst containing sporoblasts , 
D, oocyst contammg sporocysts , B, fully developed sporo- 
, F, sporozoite (After Simond ) 
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membrane Oocyst spherical, the cytoplasm, dividing into 
four sporoblasts without leaving any residuum The four 
sporocysts have clear contents Each shows one smaller and 
two larger spheres , the two larger ones represent the larger 
end of each of the contamed comma-shaped sporozoites, and 
the smaller one a residual body which is granular to start with, 
but soon becomes transparent and refrmgent like the sporo- 
zoites 

Remarks — ^The parasite differs from E Lermorganli m the 
smaller dimensions of the oocysts and m the appearance of 
the sporocysts The oocyst wall is very thm and all the 
developmental stages are passed withm the tissues of the host 
The sporocysts fall mto the bile ducts and pass out through 
the alimentary canal 

Habitat — Gall-bladder and bile-ducts of the tortoise, 
Lissemys punctata granosa (Schoepff) India 

116 Eimeria mitraria (Laveran & Mesrul) (Pig 90 ) 

tCoccirfiwm jniiranwm, Laveran & Mesiul, 1902 p 613, figs 12—14 
Ewiena vutrana, Wenyon, 1926, p 859, 860, fig 369, 3—S , 
Reichenow, 1929, p 949 

Schizonts produce twenty fusiform merozoites with a central 
nucleus The microgametocytes produce a number of hair- 
like microgametes The oocysts have a characteristic nntre- 
lilie form, the surface of which, unlike those of other Coccidia, 



A B 

Fig 90 — Eimena imtrarta (Lav & Mes ) A, oocyst with, four sporo- 
blasts , B, oocyst containing four sporocysts, each with 
two sporozoites and a residue (After La\ eran and Mesml ) 

presents four or five ornamental projections One pole of the 
oocyst aluays bears a smgle projection, and the other pole, 
vhich IS truncated at the base, bears three (or four) projections 
round it The protoplasm retracts itself from the wall of the 
oocyst, becomes spherical, and divides mto four sporoblasts 
■without leaving any cystic residue Each sporoblast gives 
rise to an ovoid sporocyst containing two sporozoites and a 
sporal residue 

Dimensions — Scliizonts 10-12 jx - merozoites 3-5 g. m length ; 
microgametocytes 10-16 /x m diameter, oocysts 10-15 /x m 
diameter 
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Remarha — All the stages of development are extracellular, 
but are more or less intimately attached to the epithehal cells 
of the host Laveran and Mesml searched in vam for the 
intracellular stages, and remarked that if they exist they 
must be of a very short duration. They thought it probable 
that the orgarusm nourishes itself at the cost of the epithelial 
cells by means of pscudopodia, and that the projections 
of the oocyst are their chitinous representations 

Habitat — Intestine of the tortoise, Ghirwmys rcevesii (Gray) 
Cevlon 

117 Elmeria najae Ray & Daa-Gupta (Fig 91 ) 

fJEimmo najie, Ray & Das Gupta, 1930 b, p 346 , 1937 d, pp 275-7, 
pi vm 

Schizogony results m the formation of eight merozoites, 
belonging to two types, either spherical or oval in form 
One type shows vacuolar C5dopla8m and a distmct karyosome 



A 

Fig 91 — Etmcria najie Ray Das Gupta A, intestinal epithelial 
cells showmg (o) young male gamotocyto, {b) microgamoto 
formation, (c) growing macrogamoto , S, macrogomote with 
micropylo and rcsorvo granules , C, oocyst showing a button 
hko plug at tho micropylo , D, mature oocyst (After Bay 
and Das Gupta ) 

in the nucleus and later develops into female gametes The 
other also shows hyalin cytoplasm, but the nucleus contams 
few chromatm granules besides the karysome, and later gives 
rise to male gametes Fully formed female gametocyte shows 
a large number of reserve granules in the alveoli of the vacuolar 
cytoplasm, and a micropyle is also visible, hut disappears 
when the oocyst is formed, a button-hke plug being seen 
instead Fully formed male gametocyte contains a large 
number of bmageUate male gametes Oocysts oval, thin- 
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walled Ooeystic residuum absent Sporocysts spmdle- 
sbaped, with a small residue Segmented and unsegmented 
oocysts discharged from the host Sporulation takes place 
m 4 to 5 days 

Dimensions — ilale gametocyte 20-24 ju. in diameter, female 
gametocyte 23-27 ft by 16-18 ft , oocysts 23—27 ft by 16-18 ft , 
sporocysts, 12 14 /i by 6 8 p. 

BeTnarks — Some of the oocj^sts showed sporozoites lymg 
free m the oocyst, formed without the formation of sporo- 
blasts This abnormality has been previously described by 
Wasielewski for B stetd^o and Paracocctdium prevail 

Habitat — ^Epithehal cells of the small intestme of the cobra 
Naja naja Linn Bengae, Sunderbans 


118 Eimeria piscaton Ray & Bas-Gupta 

tEimena piscaton, Ray & Ras Gupta, 1936 a, p. 345 

Oocysts oval , oocystic residuum present Sporocysts 
spmdle-shaped 

Diinensions — Oocysts 29-31 ft m length by 22 5-24 5 p 
m breadth , sporocysts 14 p by 4-6 p 

Habitat — ^Rectum of the snake, Natrix piscator (Schneid ) 
Bengal, Calcutta 


110 Eimena sardmse (Th^lohan) {Fig 92 ) 

Coccidium sardine, Thdlolian, 1890, p 1216 , Labbe, 1899, p fa9 . 
Minchin, 1903, p 340 

tCoccidmm oxyspora, Dobell, 1919, p 188, pi vm, fig 3 

Etmcrta oxyspora, Castellam & Chalmers, 1919, p 476 

Etmcna sp , Smjders, 1920, pp 427-32 

Etmeria sntjdersi, Dobell, 1920, pp 433-6 

Eimena oxyspora, Dobell 1922, p* 1499, fig 533 D , Hegner & 
Tahaferro, 1924, pp 289, 290, 291 , Craig, 1926, pp 355-7, 
fig 64, Wenyon, 1926, pp 851, 852, 861, figs 350, 368, 
Knowles, 1928, p 361, fig 83,2 

Eimena smjdersi, Wenyon, 1926, p 855 , Knowles, 1928, p 361, 
fig 83, 3 

Eimena sardinai, Wenyon, 1926, pp 851, 852, 861, figs 350, 368 , 
Tliomson & Robertson, 1926 a, pp 282-3, 2 figs , 1926 6, 
pp 420-1 , Knowles, 1928, p 362, fig 83, 3 , Reichenow, 1929 
pp 951-2, fig 918^, Kudo, 1931, p 274, fig 113 w 


Oocyst spherical, having a famtly yellow transparent 
wall, composed of at least two distmct layers, and contaimng 
four dizoic spores and a small oocystal residue Sporocysts 
long, sharply pomted at both ends, and possessmg a tough 
endospore and deciduous epispore, the remains of which give 
the spore a frilled appearance lii each spore there are two 
sporozoites, with pomted anterior and rounded posterior 
ends, the latter contaimng the nucleus 
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DvmmsiOTis — Oocysfc 36-52 /i m diameter , sporocysts 
30-32p by 7 6p 

Remarli^ — ^Dobell (1919) found a Coccidium in a young man 
who had been m South Africa, India, and Ceylon, and descnbed 
it an a new species under the name Coccidium ozyspora 
Ho could not determine whether the organism was pathogenic, 
as the patient was also infected \nth HJntamceba histolytica 
and Ancylosloma He further analysed records of over seventy 
cases of coccidiosis in man These cases all belong to Eimena 
dupearum (Th61ohan) (—E wenyoni Dobell, 1918) or to 
Isospora hclh Wenyon (=/ hominis Hadliet & Lucet) 

Smjder (1920) descnbed another case of human coccirhosis 
and, as the oocysts nere definitely larger, Dobell (1920) named 



Fjg 92 — Eimena eardinm (Thtlohan) (After Dobell ) 

this parasite E anijdersi Broughton-Alcook and Thomson 
(1922), however, in another case of E oxyspora infection 
found oocysts quite as large as those of E snijdersi, and con 
sidered the two species to bo identical Brug (1922 o) 
suggested that E anijderst was of animal ongm and mgesfed 
with food Thomson and Robertson (1926 a) made a careful 
study of the Coccidia of fish and came to the conclusion that 
the oocysts of E sardines (Thdlohan, 1890), parasitic m the 
“ soft roe ” (testis) of herrings, sprats and mackerel, are 
identical with the oocysts of E oxyspora and E snijdersi. 
They further (1926 6) proved their contention by 
a man a strong sahno aponent and afterw'ards making hm 
eat a large quantity of soft roe of herrmg Next nrnrmng o 
passed a largo number of oocystB of E. sardines which v^e 
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identical -mth those found m cases of human coccidiosis 
Thus E oxyspora and E smjdersi are synonymous uuth 
E sardiiisi 

In India Setna and Bana (1935) have studied the coccidial 
infection m a number of fish, and described the oocysts and 
sporocysts from ten different species, but the oocysts m no 
case correspond mtli those of E clupearum or E sardmie 

Habitat — Alimentary canal of man nho had visited South 
Africa, India and Ceylon 


120 Eimena smithi Yakimoflf & Galouzo (Fig 93 ) 

Coccndium otnfarme (part), Guillebeau, 1803, p 81 
Etmena zunn (part), Smith & GraybtU, 1918, p SO, tVenvon 
1926, pp 842-3, fig 362 

t^^tmena zumi (part), Cooper, 1926 a, p 290 , 1926 b p 291 
tBonne Coccidia (part) Cooper, 1927, pp 92—7, pi x 
Etmena smtihi, Yalnmoll & Galouzo, 1927, pp 1S3— 200, figs 1—7 
Roiehenow, 1929, p 945, Rastogaieff, 1930, pp 390-1, fig 2 
tBo\ine Coccidia, Sen, 1932, p 34 
f Etmena snut/n. Ware, 1936, p 35 

Oocysts are ovoid, with one pole pointed, have a thin wall 
and are provided ivith a micropjde They are brmraish in 
colour, and are distmctly larger m size than those of E zumi 
IMature cysts do not shov any oocystic residue Sporoev^ts 
pear-shaped, mth a sporocystic residue 



Rig 93 — Etmena stmihi Yakimoff & Galouzo (After YaVimofT and 
Galouzo ) 

Fig 94 — Eimena wasstlewslyi RastegaTeff (After RastegaTefT ) 

Fig 95 — cuini (Rnolta) (After Yakrmoff and Galouzo ) 


Dimensions — Ooc3’‘sts 25-35/4 m length , sporocjsts 10 8- 
14 4/4 by 7-9/4 , sprozoites 3 6^ 8/4 by 3-5 p 
Remarks — ^Zscbokke (1892), Hess (1892), and C4uillebeau 
(1893) Mere the first to describe coccidiosis of cattle as a 
distmct disease Guillebeau noted that m certain 7 ears tlie 
disease became epidemic and caused considerable mortaliti 
Idultiphcation occurred in the epithelial cells of both the small ^ 
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and large intestine The oocysts described by him possessed 
a distinct imcropyle Zublm <1908) studied the development 
of the oocyst outside the body and also noted that although the 
majority of oocysts were 12-15^ in diameter, larger forms, 
which measured 30-35 /-t in len^h by 20 /i in breadth, also 
occurred Theobald Smith and Graybili (1918), who mvesti- 
gated coccidial dysentry of calves m America, also encountered 
oocysts of two types The second t3rpe, which evidently 
corresponds with E smtllu, were said to be brownish m colour, 
possessed a thick wall, and measured 25 8-41 8/x. in length by 
16 4-24 6 p in breadth They did not contain any oocyatio 
residue, but sporocystic residue was present 

Wenyon (1926) considered it possible that there were 
two species of Etmeri-a found in cattle, but was led to identify 
and figure the larger, ova! type as E zurni 

Cooper (1924) apparently was the first to record bovine 
coccidiosis in India He (1926 a) noted the extreme vanation 
m shape and size of the oocysts, but considered these variations 
to he connected %vith the rate of multiphcation Accordmg 
to him, in normal “ earner ” infection all oocysts are well 
formed, wath a strong, thick capsule and with a relatively 
large amount of dense and granular protoplasm, but very large 
and extremely small forms are encoimtered, and display 
considerable range of variation m shape At the height of 
multiphcation oocysts are small, and they show an almost 
uniformly ovoid to a nearly round shape, with distmctly 
thinner capsules When clinical symptoms occur still smaller 
oocysts appear, usually in small numbers , these have an 
extremely thin capsule and much reduced amount of almost 
transparent protoplasm In discussing the pathogenicity of 
bovine Coccidia, Cooper (1926 5) maintamed that a latent or 
“ earner ” type of infection is of almost universal occurrence 
in cattle in India, and that, although usually iimocuous, 
the parasites are capable, under certam conditions, of over- 
coming the animal’s natural defences and then set up a chmcal 
disease identical ivith what is described m other country as 
“ red dysenterj- ” He also observed that chmcal coccidiosis 
also occurs as a sequel to rinderpest, even a mild ^tack oi 
which may result m an appreciable resuscitation of 
Later (1927) he agam renewed bovine coccidiosis, but the 
possibility of the existence of two species did not occur to him 
Yakimoff and Galouzo (1927) surveyed the pre^ous litera- 
ture on bovine Coccidia and gave a table noting the measure- 
ments of oocysts and other character as given by j^evio 
workers, and came to the conclusion that the naine E zurm 
should be restricted to the forms with smaller and sp 
oocysts, -while larger and oval oocysts should he relerrea 
a new species, E smithi 
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Sen (1932) recorded a case of coccidiosis in a buffalo calf 
m the Coorg District, and stated that the parasites comprised 
tvro species, one a larger form, of yellow colour, provided with 
a nucropyle and the other a small colourless form without 
a micropyle I think the former can be identified as E smithi 
and the latter as E zumi Ware (1936) has for the first time 
noted the occurrence m India of E srmthi as such 

JSabiiat — ^Alimentary canal of Bos indicus Linn (^) 
UiaTED Provinces, Muktesar , alimentary canal of Bos 
bubalus Lmn South India, Coorg 

121 Eimeria southweUi Halawam (Pig 96 ) 

fEimcria southuelh, Halawam, 1930 a, pp 1—3 fig 1 , 1930 b, 
p 326 

Oocysts polymorphic Immature oocysts generally pea- 
shaped Mature oocysts cyhndncal or sausage-shaped ; 



Fig 96 — Eimcria southwelh Halawam A, au iraraature pear-shaped 
oocyst containing a large spherical zygote , B, an imma- 
ture oocyst retaimng its hmd bulb to a slight degree, 
C, oocyst containmg four sporoblasts , D, fully mature 
oocyst containmg oval sporocysts (After Halawam ) 

cyst-wall colourless and transparent A residual mass is 
usually present m the immature cyst, but often disappears as 
the cyst matures Sporoblasts four, arranged lengthwise, 
end to end, sometimes m pairs or m a cham Sporocysts oval 
Dimensions — Oocysts 25-50 /i m length, average 38/*, 
average width 12 /* , sporocysts 10-12 /x m length 
BemarLs — It is presumed by Halawam that the mature 
oocysts from the parent pass, via the cloaca, up the oviduct 
to the uterus, and by hberalion of their sporozoites mfect 
the mtra-uterme embryos 

Habitat — Spiral valve of the mtestme of the embryo of 
a shark, Mtobatis narinari Agassiz, from the Indian Ocean 
Ceyeon, Colombo 

SPOK 
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122 Eimeria wassUewskyi Ra^tegaioff (Fig 94 ) 
fiJirncno u'osstlewskyt, Eastegareff, 1930, pp 391—2, fig 3 

Oocysts egg-shaped, flattened at one end, -nnth a distinct 
micropyle 

Dimensions — Oocysts IS/x by 14 4/x , micropyle 4:5 ft 
Habitat — Alunentary canal of ^a;?a axis Erxl {=Cermisaxis), 
from India, m the Zoological Gardens at Leningrad 

123 Eimeria yakimovi Rastegaieff (Fig 9 ) 

'\Etmerta yakimovi, Rastegareff, 1930, p 389, fig 1 

Oocysts oval, ivith distinct micropyle and contaming 
four sporocysts Sporocysts oval, each containing two sporo- 



Fig 97 — Eimeria yaktmovt Rastcgaloff 
(After Rastegaieff ) 

zoites, which are pynform, and he m a teto-beche manner 
No cystal or sporal residue present 

Dimensions — Oocysts 32-4-41 4 p. by 21 6-28 8p, sporo- 
oysts 13-19 p by 3 5^ ft , sporozoites 11 7-13 6 p. by 4 op 
Habitat — ^Ahmentary canal of the nilgai, Bosclaphvs 
iragocamelus (Pall ), from India, m the Zoological Gardens at 
Leningrad 

124 Eimeria zurni (Rivolta) (Fig 95 ) 

Cocctdtum perforans (part), Zum & Proger, 1877, p 113 
Cytospermum zumt, Rivolta, 1878 
Coccidmm zumi, Rmlliot A Lucot, 1891, p 247 
Goccidxum perforaru! \ar , Labh6, 1899, p 07 
Etmena zfimt, Jowett, 1911, p 207 , Smith A Graybill, 1918, 
p 89 , Hegner A Taliaferro, 1924, p 287 , Wen 3 'on, 1926, 
pp 842-3 

fBovmo Coccidia, Coopor, 1924, p 48 
fEimena zumii. Cooper, 1926 a, p 290 

Etmena zumt, Yakiraoff A Galouzo, 1927, pp 186-200, figs 8-16, 
Roichenow, 1929, p 945, Rastegaieff, 1930, p 399 
^Smaller form. Son, 1932, p 34 
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Oocysts colourless or faintly greenish, almost or quite 
spherical, without a micropyle, and smaller than those ot 
E smithi Mature cysts contain no oocystal residue, and the 
sporoblasts, when first formed, are spherical They soon 
become ovoid and secrete a sporocyst which has a thick cap 
at one pole The sporocysts are completely filled by sporo- 
zoites and there is no sporocystal residue 

Dim&nsxons — Oocysts 12-25 /t m diameter , sporocysts 9 9— 
11^ by 5 3-5 7^ 

RemarLs — ^Zubhn (1908) was the first to differentiate the 
larger oocysts found more rarely (now identified as E smithi) 
firom the smaller ones wiuch are more commonly found, and 
which measure 12—25 in diameter Jowett (1911) gave the 
measurements as 14 4-27 2 ^ by 12 8-20 8 /i Theobald Smith 
and Graybill (1918) also described two k^es of oocysts, and 
gave the measurements of the smaller ones as 13 1-28 7 by 
12 3-20 5/1 

Habitat — ^Ahmentary canal of Bos tndtcus Linn (*) 
TJitited Peovxkces, Muktesar , alimentary canal of Boa 
bubalus Lmn South India, Coorg 

125 Eimena sp 

"^Etmcria sp , Cooper Gulati, 1926, pp 191—2 

Oocysts of an umdentified species of Eimena were foimd 
in the fasces of a cow at Tooklai and a heifer at Shillcm^, in 
Assam 

126 Eimeria sp 

tj5i7ncrta sp , Setna & Bana, 1935 a, p 167 

Oocysts spherical , residual body absent Sporocysts 
ovoid, with a small rounded knob-hke thickening at one end , 
sporocystal residue absent 

Dimensions — Oocysts 10 6 /i, in diameter , sporocysts 5 3 /t 
by 3/i 

Habitat — ^Intestme of the fish Trichiurus savala Cuv & Val : 
Bosibav, Bombay 

127 Eimeria sp 

'\Eimcria sp , Setna & Bana, 1935 a, p 167 

Oocysts spherical , residual body occasionally present 
Sporocysts small ovoid, with one pole shghtly narrower 
than the other , sporocystal residue absent 

Dimensions — Oocysts 7 6/t m diameter , sporocysts 3 4u 
by21/t 

Habitat — ^Intestme of the fish Batraohus gmnniens (B1 & 
Schn ) Bombay, Bombay 
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128 Eimeria sp 

^Etmcria sp , Sotna & Bana, 1035a, p 167 

Oocysts spherical , residual body absent Sporocysts 

ovoid , the sporocystal residue in the form of two darkly 
staining globules 

Dime'nsions — Oocysts 10/Dt m diameter sporocysts 5 5n by 
3 Ip. 

Habitat — ^Intestme of the fish Epinephelm tauvina (Forskal) 
Bombay, Bombay 

129 Eimeria sp 

"fEtmena sp , Sotna & Bans, 1935 a, p 1C7 

Oocysts spherical , residual body absent Sporocysts 

broadly ovoid , sporocystal residue absent 
Dimensions — Oocysts 12/x m diameter , sporocysts 7*6 p by 
6 Ip 

Habitat — ^Intestme of the fish Engraults mystax (B1 & 
Schn ) Bombay, Bombay 

130 Eimeria sp 

‘fEimena sp , Sotna & Bans, 1935 a, p 107 

Oocysts spherical, residual body absent 
Dimensions — Oocysts 10 3p in diameter 
Habitat — ^Intestme of the &h Ololithus rvber (BI & Schn ) 
Bombay, Bombay 

131 Eimeria sp 

fEzmena sp , Sotna & Bans, 1836 o, p 167 

Oocysts almost spherical , residual body absent Sporo- 
cysts ovoid, with one end more pomted than the other, 
sporocystal residue absent 

Dimensions — Oocysts 8 4pm diameter , sporocysts 4p by 
2 5p 

Habitat — ^Inteatme of the fish Sillago sihrnna (Forskal) 
Bombay, Bombay 

13i2 Eimeria sp 

^Eimeria sp , Sotna & Bana, 1936 o, p 167 

Oocysts spherical , residual body absent Sporocysts 
ovoid, with frequently a knob at one end , sporocystal 
residue absent 

Dimensions — Oocyst 15-18 p m diameter , sporocysts 8 7p 

by 6 3p e, 

Hahitat — ^Intestme of the fish Coilut ditssumieri (Cuv & 

Val ) Bombay, Bombay 
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133 Eimerla sp 

fEimena sp , Setna & Buna, 1935 o, p 167 

Habitat — ^Intestine of the fish Plotossus canins (Ham -Buch ) 
Bombay, Bombay 

134 Eimena sp 

fEtmena sp , Setna & Bana, 1935 a, p 167 

Oocysvs sphencal , residual body absent Sporocysta 
ovoid , sporocystal residue absent 

Dimensions — Oocysts 11 in diameter , sporocysts 4 2^ by 

2fj. 

Habitat — ^Intestme of the fish Epinephelus diacanthus 
(Cuv & Val ) Bombay, Bombay 

135 Eimena (?) sp 

Certain Coccids, Ross, 1898, p 173 , 1906, pp 102, 104 

Well-defined oval orgamsms, 8/x by 4 /li m srze, were found 
lymg by the side of the nucleus %vithm the stomach-cells of 
•a few mdividuals of Cnlex sp Each possessed a vacuole (?) 
surrounded by a famt granulation Accordmg to Ross they 
probably belonged to the Coccidndse, but v ere never seen agam 
by him 

Habitat — Stomach-ceUs of Culex sp Madras, Ootacamund 


Genus WENYONELLA Hoare, 1933 

Wmyonella, Hoare, 1933, pp 369—74 , Ray, 1935, pp 112—13 , 
1937, pp 117-20 

Oocysts develop four sporocysts, each containing four 
sporozoites 

EemarLs — ^Hoare (1933) founded this genus for a species 
from the small mtestme of a snake m Uganda Ray (1935, 
1937) has descnbed a new species from a squirrel 

136 Wenyonella hoarei Ray (Fig 98 ) 

^Wenyonella hoaret, Ray, 1935, pp 112—13, 6 figs , 1937, pp 117— 
20, pi vu 

Schizonts more irregular m shape than the sexual forms, 
and lacking a clear outline Slerozoites m groups of six 
to eight, escapmg from a host-cell mto the lumen of the 
mtestme Two types of merozoites one with hyahne cyto- 
plasm and a dark-stainmg granule m the neighbourhood of 
the nucleus , the other shghtly longer, more opaque when 
stamed, and showing numerous dark granules scattered 
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irregularly On entering new epithelial colls the merozoites 
assume a round form and become gametocytes, which are 
differentiated into microgametocytes and macrogametocytes 
respectively , the former give rise to a large number of 
biflagellate microgametes round a small endoplasmic residuum , 
they then break off from the residuum and swim actively, 
congregating at one end of the female gamete The latter 
increase m size and become macrogametes 

Oocysts perfectly spherical , tetrasporocystid Sporocysts 
show a characteristic lenticular knob at one pole , tetrazoic 
Sporozoites more or less regularly arranged, with bioad ends 
of two sporozoites at each pole 

Dimensions — Merozoites by 2/t or 8p by 2/i, young 

gametocytes 6-8 }j. , oocyst 14-18 5p in diameter , sporocysts 
10 p. by 8 

Bemarls — In a fresh preparation merozoites w'ere seen 
actively swnmmmg about -with the pointed end directed 



Fig 98 — Wenyonclla hoaret Bay A, o6cjst with dovoiopuig sporo 
blasts , B, oocyst with distinct sporoblasts , 0, maturo 

oocyst showing sporocysts each containing four sporozoitos 
(Aftor Rav ) 

forward Female gametocyte showed a micropyle which 
did not persist m the oocyst Development of the male 
gametes was also observed Advanced male gametes were 
seen adhering round a central mass of cytoplasm wath their 
actively movmg tail-ends directed away from it Within 
an horn and a half these gametes broke off and congregated 
round the rmcropylar end of the female gamete 

On keepmg the oocysts m 1 per cent chromic acid these 
showed the first sign of development after forty-eight 
when the sporoblasts were seen to be buddmg out 
separated from each other on the fourth day, were mvested 
with sporocysts on the fifth day, and the sporozoites were 
well differentiated on the seventh 

Habitat — Gut-contents of a squirrel, Sciurus sp Bengal, 

Calcutta 
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Subfamily BAKROUSSIINiE (Wenyon, 1926) 

Oocysts contam many sporocysts, each conta ining one or 
four sporozoites 


Genus PYTHONELLA Ray & Das-Gupta, 1937 
Fi/thonella, Ray & Das Gupta, 1937, p 2 

Oocyst develops sixteen sporocysts, each containing four 
sporozoites 

137 Pythonella bengalensis Ray & Ras-Gupta 

’fPythoriella bengalensis, Ray & Das-Gupta, 1937, p 2 

Oocysts spherical Segmentmg oocysts found m the 
epithelial cells of the intestme and m the faeces Oocy^st 
develops eight primary sporoblasts, and after some tune these 
divide to form sixteen, and are converted mto as many sporo- 
C5sts Each sporocy^st contains four sporozoites and a central 
residuum ^lale gametes are formed asm the family Eimerudoe 
Female gametes often seen lying m the submucosa 

Dimensions -—Oocysts 25-30 /am diameter , sporocysts 8-10 ft 
by 6-7 fx 

Bemarks — ^FuU description of this species has not yet been 
pubhshed Heccaidecasporocj'stid and tetrazoic condition 
marks it out from all knomi Coccidia Segmented or unseg- 
niented oocy'st-s were seen in the fsecal matter and matured 
vithm seven to ten days v hen kept m 1 per cent chromic acid 

Habitat — Intestme of Python sp Bengal, Calcutta 


Subfamily AGGREGATING Reichenow, 1929 
(emead Hoare, 1933) 

Schizogony^ in one ty’pe of host and sporogony m another. 
Oocysts contam many sporocysts, each sporocyst giving 
nse to from tuo to many’’ sporozoites 
Bemarks — Labbe (1899) founded the family Aggregatid® 
to include the genus Aggregata As ongmally defined by 
Prenzcl, Aggregata -vvas a genus of Gregarmes, characterized 
by sporozoites bemg formed directly’’ m the cy’st round a number 
of residual masses The researches of Dobell (1914, 1925) 
and Pixoll-Goodrich (1924) showed that the Aggregatidse may 
be safofr regarded as Coccidia, ivhich have then schizogony 
ni one host (usually’ a crab) and the sporogony m another 
(usually a Cephalopod) It is now known that the bodies 
produced m the cyst are merozoites, and not sporozoites 
as was formerly supposed 



200 


SPOBOZOA 


ReichenoTV (1929) amended the family and included m it 
a number of other genera, such as Ps&udollossxa Leger & 
Duboscq, Mcrocystts Dakin, Myriospora LermantofF, Garyo- 
tropTia Siedlecki, and Anytxocyslis Brasil, all parasites of marine 
vrorms, molluscs and crustaceans, in which the oocyst develops 
many sporocysts {except in Anycxocystis Brasil, m •Rhich only 
four are developed) contaming two or more (up to thirty) 
Eporozoite-5 In some of these genera schizogony is not knoivn, 
and therefore is pre-umed to take place in some other host 
Hoare (1933), in accordance vith his scheme of classification, 
has transferred Angeweysfts to the subfamily Eimemng3, 
and has retamed the others in his subfamily Aggregatms 
Mackmnon and Ray (1937) have efiown that the sporozoan 
parasite hitherto known as Monocyshs tJialtxssema: liankester 
is a coccidian, and have placed it in a new genus, Ovivora, 
belonging to this subfamilj’ 


Genus AGGREGATA Frenzel, 1885 

" Sac a Pforospcrmics,” Van iJeneden, ]85t, p 0 
^onoet/ftig ep LicberJ.uhn, Ifil'i p 9, pi figB 9,12 
BenedtT'ta, Aim/ Schneider, 1875 a, pp xl-rU 
Klois a Aimo Schneidf'r, 1883, pp 7^104, pis \tii, ix 
Ag^egata, Frenzel, 1885, p 560 
Gregarira, Frenzel, 1885, pp 672, 576, 578 
Bcncdtn a Labbt 1895, p 381, 1899, pp 64—5 
Kloesta, Labbe, 1890, p 535, pJ xii, fag 20, pis xv, x^n, xvia, 
figH 1-12, 1899, p 54 
Aggre^ata, liabb/, 1899, p 6 
liegcria, Blancbei^, 1900, p 159 
Eucocctdivm, LQhe, 1902, pp 771-3 
Lcgtnna, Jacquemet, 19Q3 pp 193-4 

1/ger A Dubo«"cq, 1906, pp 1001-3, 1908, pp 44-108, 
MorofT, 1900 a, pp C52-4 , 1908, pp 1-224 , Pixel! Goodnch, 
1914, pp 158-74, Dobell, 1914, pp 1-7, 1925, pp i-136; 
■\Venyon, 1926, pp 870-6,flgE> 376-8, Knowles, 1928, pp 366-8, 
Beichenow, 1929, pp 928-^1, figs 894—7, Kudo, 1931, p 270, 
fig 111 , Calkins, 1933, p 566, Koichcnow, 1935, p 373 

Oocyst contams many sporocysts, each developing three 
sporozoites Schizogony takes place in a crab, and sporogony 
xn a cephalopod host 

Bemarha — The hfe-cj cle of A cbcrthi Labbe has been studied 
by a number of •Rorkers The nucleus of the zj^gote divides 
repeatedly, and numerous sporoblasts, and finally sporocyst^ 
are developed m the oocyst in the body of a cuttlefish Each 
sporocyst contams three sporozoites and a residual mass 
A crab is infected by eating the infected material passed m 
the dejecta of a cuttlefish The sporozoites are hberated 
in the mtestme of the crab and, passmg through the Immg 
ceUs, grow into schizont*:, -nhich form cysts that bulge into 
the body-cavity, and by schizogony produce umumerabJe 
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Fjg 99 — Life cycle of Aggregata eberthi LabM The stages above 
the dotted line occur in the cuttlefish, those below m the 
crab R, merozoite swallowed by the cuttlefish , A, un- 
differentiated parasite in submucous tissue , JB, C, D, growth 
into miCTogametocyte and production of microgametes , 
■E» F, O, growth mto macrogamecyte and fertihzation , 
B, zygote , I, first nuclear division m zygote , J, K, nuclear 
multiplication in zygote and production of sporoblasts , 
L, sporocyst contaimng three sporozoites and small residual 
body , M, escape of sporozoites m mtestine of crab , N—Qi 
growth of Bchizont and production of merozoites m sub* 
epithelial connects e tissue (From Wenj on, after Dobell ) 
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merozoifces When the crab is eaten by a cuttlefish, tho 
merozoites penetrate the gut-wall and develop into micro- 
and macrogametocytes, and further into gametes Anisogamy 
results m zygote formation, and the oocysts are passed out 
and ingested by another crab 

138 Aggregata sp 

•^Aggregata sp , Setna A- Bhatia, 1934, pp 42-3, fig 23 

Schizonts spherical or oval, and are enclosed in a cyst 
Each cyst has six or seven pear-shaped apertures through 
which merozoites escape The merozoites are curved spmdle- 
shaped bodies, with a broad central portion and pomted ends , 
the nucleus consists of deeply staining granules and occupies 
one end The merozoites move mth sudden jerky or spnngy 
movements, and the nuclear end is usually anterior m these 
movements 

Dimensions — Schizonts 193— 246 /it in diameter, merozoites 
11 - 16 /i in length 

Habitat — ^Intestmo of the pra'vvn, Paraperieopsis sculptilis 
(Heller) BoiiBAY, Bomba 3 '- 


Ikceet,® sedis 

Genus TOXOPLASMA Nicolle & Manceaux, 1909 

Toxoplasma, Nicolle & Manceaux, 1900 a, pp 369-72, 1909 6, 
pp 97—103 , Splendore, 1909,pp 462-5, Canni, 190D,pp 465-9, 
1911 a, p 518, Ugo Mello, 1910, pp 359-63, Yakimon & Kohl- 
Yakimoff, 1911 o, pp 617—18, 1J12, pp 1—14, Bourrot, 1911, 
XJ 373 , Sangiorgi, 1913, p 323 , 1914, p 83 , Marullaz, 1913, 
pp 323—6, Laveran A- Marullaz, 1914, pp 21—5, Castellanj, 1914, 
p 113, Castollani A Chalmera, 1919, pp 488-90, Nollor, 1920, 
pp 907—18 , Hegner A, Taliaferro, 1924, pp 293, 300-2 , Brug, 
den Hoyer, A. Haga, 1925, pp 232^8 

Babesia (Toxoplasma), Calkins, 1926, p 445 

Tazop/awia, Wenyon, 1926, pp 1041—50, Knowles, 1928, pp 403-5, 
Keichenov/, 1929, p 965 , Noller, 1931, pp 804-7 

Organism small, elongated, sbghtly curved, with a central 
nucleus Found m the host-cells either singly or in groups 
resultmg from repeated bmary fission When occurring 
emgly they often he against the nucleus of the host-cell and 
indent it, thus bearmg some resemblance to the leucocytic 
Hsemogregarmes Parasites of body fluids, leucocytes, and 
cells of the spleen, liver, kidneys, lungs, etc of various 
Vertebrates 

Species have been described from man, monkeys, dogs, 
gondis, rabbits, rats, guinea-pigs, moles, bir^, and snakes 

Bemarts — ^It is not possible to determine the 
position of Toxoplasma m the scheme of classification till mo 



TOXOPLASMA 


203 


IS knovm about the life-history Calkins (1926) provisionally- 
regarded it as a subgenus of Babesia, while Wenyon (1926) 
placed it among parasites of doubtful nature Reichenow 
(1929) placed the genus as an addendum to the family Eimendse , 
as, accordmg to NoUer, cortam stages foimd in the -N^all of 
the alimentary canal of birds may be mterpreted as schizonts, 
microgametocytes, and macrogametes of the typo found m 
that family Noller (1931) thinks that they should most 
probably be placed m the neighbourhood of the Coccidia 
occurrmg m the blood Kudo (1931) and Calkins (1933) 
have altogether excluded them from consideration 

Key to Indian Species 

1 (8) Schizogony known to occur 

2 (7) Schizonts not difTorentiaced 

3 Form circular or pomt«d, 3—7 ft . , schizo* 

gony in the livor cells, more rarely m 
peripheral blood or bone marrow , 
sometimes binary fission In leuco- 
cytes of pigeon 

4 Smaller forms ring like , schizonts 

showing signs of bmary fission In 
Butastur 

5 Form crescentic, pomted at both ends, 

reproduction by bmary fission or 
Bchizogonj In smears from mtemal 
organs of rabbit 

6 Form semilunar or o\al In cells of 

mtemal organs of dog 

7 (2) Schizonts and merozoites of two kinds 

form ovoid, fusiform or falciform 
In leucocytes or endothohal cells of 
lung of coot 

8 (1) Schizogony not known, e\en animal 

nature doubtful Form round, ovoid 
or pyriform In blood and spleen of 
man 


139 Toxoplasma butasturis de Mello 

fToxoplasma butasturis, de Mello, 1937 o, p 111 

Small parasites resemble the rmg-forms of Plasmodids, 
larger schizonts -with the nucleus better formed and showmg 
e-vidence of bmarji^ fission Often more than one parasite 
m the same host-cell 

Bemarls — ^The orgamsm differs from T fuhcee m that 
the cytoplasm is stamed uniforml}'^ pale rose and does not 
show two types of coloration suggestive of sexual differentia- 
tion It resembles T columbse Yakimoff & Kohl-Yakimoff, 
of the pigeon 

Habitat —Leucocytes of Butastur teesa (Frankhn) Porttt- 
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PIohl-Yak , p 204 
T col umbo: Yak <1, 

[p 203 

T butasturis de MeUo, 


[p 205 

T cunicub Splendore, 
[p 204 

T cam-! XTgo Mollo, 


[p 206 

T ftihcs: de Mello, 


[lani, p 207 
^ (^)pyrogcnes Castel- 
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140 Toxoplasma cams Ugo Mello 

Toxoplasma cams, Ugo Mollo, 1910, pp 359-63 Minchin, 1912, 
p 389, Canni &, Maeiol 1913, pp 681— 3, CasfcolIaniA- Chalrnors, 
1919, p 489, Boez, 1921, pp 479-82, Wonyon, 1926, p 1047 
■\Toxoplasma cants, Donovan (firet recorded in Wonyon, 1926, 
p 1357) 

In fresh preparations the organisms are transparent, 
colourless, immobile, semilunar or oval in form, rarely rounded 
or pyriform Stained with Giemsa each orgamsm is a clear 
blue homogeneous mass, surrounded by a transp? -ont and thm 
envelope It contains one or (rarely) two chromatic masses 
representmg the nucleus, which are stained reddish-violet , 
generally rounded, but sometimes irregular, oval or Imear m 
form The organism occurs singly or m groups of any number 
up to sixty in endothelial cells, l 6 ucoc 3 rtes, or cells of the spleen 
or kidney 

Habitat — In the endothelial cells or colls of the spleen or 
kidney of the dog India (locahty not cited) 

141 Toxoplasma columbas Yakimoff & Kohl-YakimofF 

(Fig 100) 

Toxoplasma columbic, YokunofT & Kohl Ynkimoff, 1912, p 108 
t^ra:wo£rrcj7ori7io/ranca:, do Mollo, 1915, pp 93-4, pi u, figs 1-10 
\LcucocyU)gregarina Jranccc, do Mollo, do Sd, do Sousa, Dias, A 
NororUia, 1917, p 13 
Toxoplasma francos, Noller, 1920, p 914. 

Toxoplasma colvmbx, Nollor, 1920, p 914 
Toxoplasma francos, Wonyon, 1026, pp 1043, 1047 
Toxoplasma columboc, do Mollo, 1935 a, p 706, 1937 a, p 111 

Parasite has a circular form when at rest, but shght move- 
ments in the intenor of the -white cell change the form to a 


A B 

Fig 100 — Toxoplasma colurnbss Y&k & Kohl -Yak 
A, young form , B, C, sehizogonj (After do Mello ) 

pomted one, with the nucleus m the rounded portion Nucleus 
m the fresh state strongly refrmgent, surrounded by such 
clear protoplasm that it has the appearance of a vacuole. 
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Stained by Giemsa the nucleus is coloured a brilliant red , 
the cytoplasm clear and famtly blue Small or large forms, 
3-7 fj. m size Schizogony in the hepatic ceils, more rarely 
in the peripheral blood and bone-marrow Sometimes 
binary division takes place, when rudimentary karyokmetic 
figures can be demonstrated Sporogony not knoivn 

Habitat — ^Mononuclear leucocytes of the pigeon Portu- 
guese India, Mapu 5 a (Bardez) 

142 Toxoplasma cunieull Splendore (Fig 101 ) 

Toxoplasma cuniciili, Splendore, 1909 a, p 109 , 1909 b, 

pp 462-5, Carini, 1909, pp 465-9, figs 1-14, 1910, p 167, 
1911 a, pp 518-19 , Bourret, 1911, p 373 , Castellani & 
Chalmers, 1919, pp 489,490, Brug, den Heyar, & Haga, 1925, 
pp 232— 8, pis 1 — VI , Wenjon, 1926, p 1047, Reichenow, 1929 
p 965 , Noller, 1931, p 805 

■fToxoplasma cumcvh, Krishnan Sc. Lai, 1933, pp 1049—50, pi xlv 

Intracellular in the endothehal cells, or leucocytes, or m the 
body fluids Crescentic m shape, pomted at both ends , 
but one end is frequently more pointed than the other Nucleus 
central and has a defimte karyosome Occurs smgly or in 
groups Reproduction by schizogony has also been described 
Remarks — ^Krishnan and Ghiranji Lai (1933) foimd this 
infection in tn o out of twelve rabbits that had received a course 



Fig 101 — I’oxopZawiacunicwli Splendore ,4, alargoclusterof parasites 
B, a largo mononuclear cell from spleen sho-vnng a du idmg 
form and a group of parasites (After Krishnan and Lai ) 


of fifteen mjections of Indian ink and colloidal iron, followed 
by three intravenous injections of a culture of Leishmama 
dxmovam Eight weeks after the last mjection the two rabbits 
began to look sickly and lose v eight They suffered fi:om 
diarrhoea and died Smears fi-om spleen, hver, bone-marrow, 
and heart-blood showed large numbers of mtracellular and 
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extracellular forms of this parasite The parasite is mor- 
phologically mdistmgmshable from F gondt Splendore 
(1909) was able to infect^ rats, gumea-pigs, rabbits, and 
frogs, while Canni (1909) infected pigeons with this parasite 
Hahiiat — Smears fromhver, spleen, bone-marrow, and heart- 
blood of rabbit, Lepus sp Bengal, Calcutta 


143 Toxoplasma fulicse de Mello (Fig 102 ) 

fToxopla^ma fiihcai, de Mello, 1936 a, pp 708-9, pi ii , 1937 a, 

p 111 

Free, or included m endothehal cells or mononuclear leuco- 
cytes Form ovoid, fusiform or falciform m young mtra- 
cellular stages , large ovoid, occupymg most of the host-cel! 
when full grown, but not mvading its nucleus Schizonta 
show sexual differentiation In one type the cytoplasm is 



Pic 102 — Toxovlaema fuliciB de Mollo A, B, female sehizonts , O, B, 

division, stages , E, E, male schizonts , Q-~I> divisio 

stages (After de BIoUo ) 
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stained dark blue and the nucleus is a compact chromatic 
dot, sometimes vacuolat-ed, and surrounded by a white 
halo m the other type the cytoplasm is stamed hght violet, 
rather rosy, and the nucleus is compact or vacuoIa,t©d, some- 
times constituted by an irregular spurematic thread, never 
shoTsung the vacuolar space round it The former are inter- 
preted as female and the latter as male schizonts Multiphca- 
tion takes place by repeated bmary fission Merozoites pro- 
duced also show the same cytoplasmic differentiation as the 
parent schizonts 

Remarls — ^The parasite was found only m smears from the 
lung, and was not found m the peripheral blood or m smears 
from other organs 

Habitat — ^Lung-smears of Fuhca atra Linn Pobtttgitese 

lakes of Carambolm and Taleigao 

IM Toxoplasma sp 

fA parasite in the spatroir, J R Adie, 1908, p 176 

Toxoplasma avium, Castollam A Chalmers, 1918, p 489 

Toxoplasma ep , Wenyon, 1926, pp 1042, 1048, linowles, 1928, 
p 465 

Remarls — Wenyon (1926) regards the form as undoubtedly 
a species of Toxoplasma 

Habitat — ^Blood of the sparrow, Passer sp Punjab 
145 Toxoplasma sp 

•^Toxoplasma ep . Plimmer, 1916 a, p 295 

■^Toxoplasma sp , Wenyon, 1926 pp 1043, 1048 , do Mello, 1937 a, 

p 111 

Habitat — ^Blood and exudation from the lungs of the chat, 
Saxtcola caprata T,Tnn , from India, m the Zoological Gardens, 
London 


Doubtfui. Species, 

146 Toxoplasma (5>) pyrogenes Castellam, 1914 (Fig 103 ) 

■\Toxoplasma pyrogenes, Castellam, 1914 6, pp 113—14, 2 pis 
Some -unknown protozoon, Plato, 1914 

Contammatmg organisms of a -vegetable nature, Wenyon, 1923, 
pp 527-50, 855, 1 pi , 1926, p 1048, fig 433, A-C 
Toxoplasma pyrogenes, 'E^O'wles, 1928, p 465, Reichono-w, 1929, 
p 965 

Intracellular, roimd, ovoid or pjriform m shape, and about 
6pm diameter A second form, 12/i m diameter, and con- 
taimng several chromatm granules, has been described as 
a scbizont 

Remarls — Wenyon (1923) discussed the probable nature 
of this form and came to the conclusion that what had been 
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described as T pyrogenes "w^as only a contaminating organism 
of a vegetable nature Knowles (1928) and Reicbenow 
(1929) support tbis view. Knowles has also been struck 



D E 

Fig 103 — Toxoplasma (^) pyrogcnea Castehani A-D, small forms, 
E, large form described as schizont (From Wenyon, after 
CastoUam ) 

witb the resemblance which some of the forms depicted by 
Castellani bear to the breafcmg-down malarial parasites en 
countered m spleen-puncture fihns from cases of chronic and 
relapsing malaria 

Hdbitai — ^Blood and spleen of a man * Ceylon 
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III. Order H^MOSPORIDIA 
Damlewsky 

The BlffiMOSPORiDiA are C5occidia-like forms specially modi- 
fied for parasitic life in the blood There is alternation of 
hosts, asexual reproduction or schizogony takmg place m the 
blood of Vertebrates and sexual reproduction or sporogony 
m the alimentary canal of some blood-suckmg Invertebrates 
They are mmute, usually mtracelkdar parasites of red blood- 
corpuscles, shoi\-mg motile amoeboid forms m their schizo- 
gonous cj'cle in the Vertebrate host Gametocytes and 
dimorphic gametes are formed, as in the CoccaruA , but the 
microgametes have no fiageUa as a rule and move like spiro- 
chetes, fertihzmg a spherical macrogamete in the body of 
the Invortebrato host The zygote is motile, and is knoivn as 
an ookinete , after becommg encysted it gives nse to a large 
number of naked sporozoites, which are mtroduced into the 
blood of a Vertebrate host As they do not pass any stage 
of their life-history outside the body of a host, the sporozoites 
are not enclosed u ithm a resistant membrane 

Vertebrates of all classes — mammals, birds, reptiles, 
amphibians, and fish — are parasitized by different species 
Anumber of them are known to occur in man and cause malaria, 
which works such havoc in India and other tropical countries 
The Arthropods were their primary^ hosts, and they became 
secondarily introduced mto the Vertebrates and adapted to 
a parasitic mode of hfe m the blood of the latter 
The ILsmospORroiA are divided mto four famihes 


Identification Table of Families, 


1 (4) Parasites form hcomazoin pigment (with 

the exception of Lmcocytozoon) 

2 (3) Schizogony in the endothelial cells of the 

blood \essels of internal organs 
Vertebrates Gametocytes m the peri- 
pheral blood corpuscles 

3 (2) Schizogony in the peripheral blood of 

Vertebrates 

4(1) Parasites do not form h'emazoin. pigment 
5 (G) Schizogony m the endothelial cells of the 
blood-vessels of Vertebrates , finally the 
parasites invade the red corpuscles, 
within, which they occur as round, ov oid, 
rod-like or irregular forms Show no 
tendency towards a paired arrangement 


o 


[Doflein, p 210 

Hsemoproteidse 

[p 244 

Plasmodudee Mesml, 
5 


[p 294 
Theileriidte Du Toit, 
P 


SPOR 
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6 (5) Schizogony m the rod blood corpuscles of 
Vertebrates, with division into two or 
four , of varying size and shape, and 

have a tendency to arrangement in [p 301 

couples of pear-shaped mdividuals Babesildee Poohe, 


1. Family H^MOPROTEID^ Doflein, 1916 

Schizogony takes place in the endothehal cells of the blood- 
vessels of Vertebrates Certain merozoites penetrate mto the 
circulating red blood-cells, in which they develop into gameto- 
cytes If the blood is taken up by a specific blood-suckmg 
Invertebrate host, the gametocytes develop into gametes, 
which unite to form the zygotes, and the latter undergo 
sporogony, as in the family Plasmodudse 
Rtmarls — ^It is important to remember that the schizogony 
cycle can only be observed m sections or smears from the 
mtemal organs of the host In the absence of definite know- 
ledge regardmg the occurrence of schizogony m the mtemal 
organs, the genenc position can only be inferred from the 
morphology of the parasites themselves and their occurrence m 
relation to the nucleus of the infected corpuscle In Hsemo- 
proteua the organism is halter-shaped and grows round the 
nucleus without displacmg it, whereas m Proteosoma (family 
Plasmodudse) the nucleus of the red blood-corpuscle is ordinarily 
pushed to one side by the mvadmg organism 

Stiles (1925) gives “ ookmete not knoivn to encyst ” as the 
character which serves to distmguish the family Hromoproteidse 
from the family Plasmodudse This statement appears to bo 
based on the earher work' of Aragao Helen Adie (1915) 
followed the complete development of the ookmete of 
H^moproievs columbas m the fly I/ynchia mama She 
confirmed that work m 1924, and Aragao (1927) also con- 
firmed it Numerous oocysts were found in the wall of the 
stomach of the fly, and the various stages of development 
were found to resemble closely those of malarial parasites m 
mosquitoes 

Key to Iifidia Genera 

1 (2) Young gametocytes enter the red blood- 
corpuscles , when fully developed the 
gamotocyto IS halter shaped, and produces 

pigment granules from the haemoglobin [Kruse, p 211. 

<2 (1) Gametocytes invade the immature red HLemoppoteos 
blood-cells which have not yet produced 
haimoglobm, the host coll is profoundly 
altered, becoming an elongated siimdlo, 

and the gamotocyte does not produce [Danilowaky, p 23a 
any pigment . Lettcocytozoon 
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Gtenus HSKOPROTEUS Elruse, 1890 
(Syn Haltebidium Labb6, 1894 ) 

Hscmoprotcus, Elruso, 1890, p 371 
Lavcrama (part), Grossi & Felotti, 1890, p 4G3 
HmmanuEba (part), Grasst & Felotti, 1891, p 463 
HaJicridium, £,abb6, 1894, pp 129, 151, 1899, pp 78-9, Jlmchin, 
1903, pp 237—9, 267—9 , Stephens & Christophers, 1904, 
pp 319-20 

Laverama (part), Lnveran, 1899, pp 603-6 
HxmoctjBtidium, Castellam &, Willey, 1 905 pp 84—5 
Hccmoprotcus, Mmchin, 1912, pp 365-9 , Prowazok, 1912, pp 566— 
88, , Castellam & Chalmers, 1919, pp 518-26 , Wenyon, 1926, 
pp 885—902, Knowles, 1928, pp 372— S Reichonow, 1929, 
pp 972-9, Kudo, 1931, p 288, CaUans, 1933, p 566, Koiche 
now, 1935, p 375 

The parasites gro\r m the endothelial cells of the blood- 
vessels of various organs into fairly large multi-nucleated 
schizonts, which then break up mto vei^’^ numerous merozoites 
It is possible that some of them enter other endothehal 
cells and agam become schizonts, or, entermg the red blood- 
corpuscles, grow mto gametoc3’t-e3 The^* produce bsemozom 
pigment granules at the expense of the hsemoglobm of the 
hcTst-ceUs The fully-formed gam 0 toc 3 i:e encircles the nucleus 
of the red blood-corpuscle hke a halter (hence the name 
Haltendium Labbe) and usually does not force it out of place 
Parasitic m birds and reptiles Sporogony takes place m the 
body of an Arthropod 

Remarl,s — ^Danilevsky (1889) vas the first to record the 
parasites referable to this genus Labbe (1899) considered 
that the halteridia of different birds belong to one species, 
to vhich he restricted the name H danilewsLyi (Grassi & 
Feletti) They are now known from hundreds of different 
species of birds, and many species are recognized They have 
often been confused m the past with another pigmented parasite 
of the blood of birds which belongs to the same family as the 
human malarial parasite Researches of Dandewsky, Laveran, 
Kxuse, Grassi, Feletti, and others have shown the difference 
between Heemoproteu^ {ffalferidiiim) and Proteosama, viz , that 
schizogony takes place m the endothehal cells m the former 
and only gametocytes are found m the red blood-corpuscles, 
while m the latter schizogonj' takes place m the red blood- 
corpuscles and thus both merozoites and gametocytes can be 
found m them 

It was in the Heermproteus m the blood of the crow that 
MacCullum (1897) demonstrated for the first tune that the 
so-caUed “ flagellatmg body ” was the male gametocyto, 
and the process of es-flageUation produced the male gametes, 
winch eventually fertilized female gametes and led to the 
formation of motde zygotes or ookmotes 
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Coatney (1936) has catalogued 45 species of Hssmoprotcus 
and has given a complete hst of 650 avian and 22 reptihan 
hosts from which they had been recorded up to the time 
of his compilation 

147 Hssmoproteus antigonis de if-lello 

■fHiFmoproteua anttgoms, do Mollo, 1935 b, p 471 , 1937 a, p 100 

Female gametoo 3 de with alveolar cytoplasm, stained blue 
with Lieshman’s stam , nucleus compact, oval, slight 
suhcentral, stamed rose, lodged m a vacuole Male gametocjde 
pale violet , nucleus granular, central Pigment coffee-brown, 
scattered over the body , m the female gametocyte often m 
clusters or m two large masses united by a batonette 

Remarks — ^The parasite may possibly be the same as that 
recorded by Scott (1926) from Antigone anhgone (Linn ) 

Habitat — ^Blood of AntJiropoides virqo (Lmn ) Poktttguese 
India, Junagad 

148 Haemoproteus astuns de Mello 

■\Hinmoproteus astuns duesumicri, do MoUo, 1935 b, p 469 , 1937 o 

p 100 

Female gametocytes with alveolar cytoplasm, stamed light 
blue with Leishman’s stain, nucleus pale rose Male gameto- 
■cyte colourless, nucleus more conspicuous General form 
oval, especially in male, rarely halter-ldce in female Nucleus 
sometimes subcentral Pigment granules dark broira, of 
different sizes, irregularly scattered m both kmds of gameto- 
cytes 

Remarks — De Mello has given to this form a trinomial 
designation to avoid confusion with the unnamed Hsemoproteus 
of Astur plvmbarivs recorded by Wasielewsky m Germany 
in 1908 

Habitat — Blood of Asinr badins dussumieri (Temra & 
Lang ) Portuguese India, Corhm (Ilhas) 

149 Hsemoproteus cerchneisi, sp nov 
•fHismoproteiis sp , de Mello, 1935 b, p 472 , 1937 or, p 100 

Female gametocyte halter-like, cytoplasm alveolar, stamed 
greyish-blue ivith Leisliman’s stain , nucleus generally round 
and compact, but often quadrangular and consistmg of a central 
mass with appendages all roimd, subcentral on the convex 
border of the parasite, stamed hght red and lodged m a vacuole 
pigment coffee-brown ivith olive tone, granules or clusters 
irregularly distributed Male gametocyte oval or round, 
and causmg a sort of hernia on the periphery of the red cell , 
cytoplasm colourless or hght violet , nucleus subcentral or 
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central, small, elliptic or irregular, contammg one chromatic 
dot fairly visible, surrounded by the rest of the chromatic 
substance which is hardly visible, stamed pale rose , pigment 
cofiFee-brown with ohve tone, situated at the poles 

Remarks — ^Unnamed species of Hsemoprotev^}i3,-7e previously 
been recorded from several species of GercTine^s m different 
parts of the world Accordmg to de Mello, Wasielewski and 
Wulker (1918) recorded the parasite of this bird m Europe as 
H damlewskyi var tinnunculus, and not having access to 
that paper he has reframed from givmg his form a specific 
name On comparmg his description with Wasielewski and 
Wulker ’s figure, as reproduced by Reichenow, the nucleus 
of the microgametocyte in var iinnnncuhis is large and does 
not correspond with the description as given by de Mello 
I have, therefore, named the parasite found by de Mello as 
H ceTclmeisi 

Habitat — ^Blood of Cerchnets tinnuncvlosus ohjurgatus 
Stuart Baker PoETtrctTESE India, Pragana 

150 Hasmoproteus columbae Celh & San Fehce (Figs 104, 
105) 

Hccmoprotcus dantlewslit (part), Kruse, 1800, p 359 
Hicmoproteus cahimbu:, Celli &- San Febce, 1891, pp 517—18, 541-8, 
pi VI , Ed & Et Sergent, 1907, pp 264-74, pis \-i, ni 
Haltcridtum cohimbie, Aragao, 1908, pp 154-67, pis xi-vui 
H-zmoprolcus columbx, IMinchm, 1912, pp 365-6, fig 157 
Hiemoprotexis sp , Sergent & Beguet, 1914, pp 21-3 
'\Hsemoprotciis sp , Acton &. Knowles 1914, pp. 663-90, pis ■dv^I-l^ , 
Alcock, 1914, p 584 , Helen Adie, 1915, pp 671—80 
Hiemoprotevs coJvmba:, Castellani i Chaliners, 1919 pp 525-6, 
figs 185, 186 , Helen Adie, 1924, pp 605-13, 2 pis , 1925, 
pp 9-15, 6 figs, Wenyon, 1926, pp 8SG, 888-96, 1314, 
figs J83-6 , Knowles, 1928, pp 372-7, figs 87, 88 , Eeichenow, 
1929, pp 973-5, 978, figs 938-40, 942 , Kudo, 1931 p 288, 
fig 122 e, /, Rmz Martinez, 1934, pp 96— S , Coatney, 1936, 
p 88 , de Mello, 1937 a, p 99 

Schizogony takes place m the endothehal cells of the blood- 
vessels of various organs of the pigeon, particularly the lungs 
The 5roungest schizonts are mmute cytoplasmic bodies with 
a smgle nucleus wit bm the cytoplasm of an endothehal cell 
(fig 104, P) Grov th, nuclear multiphcation, and segmentation 
mto fifteen or more small unmucleated unpigmented masses 
take place (fig 104, Q) Each of these cjtomeres grows, its 
nucleus undergoes repeated division till the host-cell, now 
considerably hypertrophied, is filled by a number of multi- 
nucleate bodies, each of which is surrounded by a fine membrane 
Witlim this membrane the multmucleate cytomere divides 
into an enormous number of merozoites (fig 104, R-W) The 
endothehal cell finally' breaks down and the merozoites escape 
mto the blood-stream It is possible that some of them 



Fjg 104 — Life cycle of Hsrmoprotcu^ columbm CoIIi & San Felice The 
stages above the dotted line occur in the pigeon, tJioss 
boloiv in the fly A-i—Gj, growth of fernalo gametocyto 
in red blood corpuscle , A^-C^, growth of male gameto 
cyte , D^, El, rounding off of female gametocyte and 
escape from coU ; 2?i, Z7j, rounding off of male gameto 
cyte and formation of male gametes, F, fertihzatioii , 
(^L, fonnation of ookinete, which finallj makes its 
way through the stomach wall of Lyncfna niaura , 
Jlf, young oocyst on stomach-wall of EyncJito, maura , 
N, mature oocyst filled with sporozoites, which oi'^entuaUy 
enter the sahi ary glands of the flj'' and are thence injected 
into the pigeon , O, sporozoite entering an endothelial ceu 
of a blood-vessel of the pigeon , P, growth of the sporozm e 
m a mononuclear cell , Q, piimary schizogony a numoer 
of unmueloate bodies , i?— V, each uninucleate body mcrease 
m size and becomes multinucleate , IF, segmentation in^ 
numerous mmute young gametocytes which . 

blood coipuscles (From Wenyon, after Aragoo and A i / 
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eilter other endothehal cells and again become schizonts. 
Others enter the red blood-corpuscles and are seen as minute 
cytoplasmic bodies ^vith a single nucleus and often a vacuole 
(fig 104:, -do) Sometimes as many as a dozen young forms 
may be present m a smgle corpuscle, and thus m dry films, 
by an approximation and overlappmg of the parasites, falsely 
suggest a schizogony The corpuscles mth such multiple 
infections generall 3 ’- die, so that it is rare to find even two 
fullj'- developed gametocjhies m a single corpuscle The young 



Fig 105 — ^Development of Haamoprotcxus columbm Gelli & San Felice on 
stomach-wall of I/ynclna inaura A, flattened stomach 
showing numerous oocyst-s of -various sizes (xc 72), 
B, edge of stomach more highlj magnified, ahowmg 
mature and immature oocysts with pigment granules 
( X c 450) , C, intact oocyst and ruptured oocyst, with 
discharged sporozoites and residual cytoplasm ( x c 600) , 
D, free sporozoites (From Wenyon, after Adie ) 

gametocyte becomes elongate, and granules of broirn or black 
pigment appear in the cytoplasm (fig 104, B, C) it groirs 
round one side of the nucleus, pusbmg it to one side of the 
cell, hut the latter retams its ongmal shape and size The 
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fully de-reloped gametocyte is of an elongate sausage-shape, 
and almost completely encircles fie nucleus it shows a central 
nucleus and a number of pigment granules distributed throutri 
its cytoplasm Ghmetocj'tes are distmguishable as male and 
female !SIale gametocyte possesses a iyaime cytoplasm 
sraimng a pale blue or pinkish colour with Homanowsky 
stams and a. rather larger nucleus consistmg of a membrane 
cnclosmg a number of fine chromatin granules {fig 104 
Female gametocjde has a denser cjiroplasm stams more deeply 
blue, and possesses a more compact nucleus (fig 104 C^) 

Further development of the gametocytes takes place m the 
fly Lynclna maura The male gametocj'te produces male 
gametes by evflagellation the female gametocvxe gives rise 
to a single female gamete, and fertilization produces a zygote, 
V hicli 13 a motile verraicule or ookmete. Tiie ookinetes 
penetrate the hmder portion of the mid-gut of the flj* and 
produce pigmented oocysts on the outer surface of the wall 
The mature oocyst (fig 105, B) measures about 36 /im diameter, 
and gives rise to a very large number of sporozoites (fig 105 
C, D), measuring up to lOp. in length These arc set bv 
the rupture of the cysts, invade the sahvary glands of the 
fly, and are reintroduced into the body of the pigeon 

JRfmarls — ^Acton and Knowles (I9i4) studied the develop- 
ment m the pigeon and concluded that schizogony takes place 
only m the lung, but other observers have shoun that it takes 
place m the endothehal colls of the blood-vessels of other organs 
as n ell Clean pigeons exposed to infection oy infected flies 
show young gametocytes m the blood in about four weeks, 
durmg which schizogony takes place a number of times 

Ed and Et Sergent ■were the first (1906) to transmit the 
infection experimentally to pigeons m Pans by means of 
infected flies {Lynchia maura), received from Algiers The 
asexual cycle as occurrmg m the endothelial cells was first 
described by Aragao (190S) Helen Adie (1915) working m the 
Punjab, was the first to follow the sporogom of the ookmetesin 
L maura, and later, vorkmg at Algiers (1924 1925), confirmed 
her previous nork m India According to her researches 
flies v hich have hved on infected pigeons for ten to twelve days, 
durmg which they fed daily showed all stages of development 
of the parasite from the ookmete to the sporozoites in the 
salivary glands ^ 

De MeJIo and de Sa (1916) have described a process oi 
schizogony m Hsmoproteus columbic takmg place m sclmonts 
which were ongmally m the red blood-corpuscles and tnm 
became free in the plasma If their observations uere correc , 
they must have been dealmg with a species of Profcosoina 
These observations are recorded under Profeosorna colum 
( de Mello & de Sa) 
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Habitat — ^Blood of the oommon pigeon, Oolumba hvia 
Gmehn, and body of Lynchia maura Bigot Ptns jab, Amballa , 
Bengal, Calcutta 


151 Hsemoproteus coracise de Melio & Afonso (Fig 106 ) 

•\Ha.moprotcu.s corac-itc benghalensis, de Mollo &. Afonso, 1935, 
pp 67-8, pi 1 , do Mello, 1937 a, p 100 

Sexual dimorphism of gametocj^tes shoiivn by tmctorial 
reactions of cytoplasm, T\hich stains blue in female gameto- 
cytes and is colourless or sbghtly yellounsh-blue m male 
gametocytes Yomig female gametocjtes small, more or less 
ovoid , vhen full groivn are typical haltendia, embracmg the 



Fig 106 — Hmmoproteus coraciss de Mello A, Afonso A—C, female 
gamotoeytes , D, free female gametocyte , E-G, male 
gametocytes , H, free male gametocyte (After de Mello 
and Afonso ) 


nucelus of the red cell and displacmg it to the periphery 
These haltendia may be pomted, vuth a tail-like appendage 
but ■when full grown they are broad, regular, lodgmg the 
nucleus of the host-cell m their conca-vnty , cytoplasm alveolar, 
not stammg nmfomily, the blue colour more pronounced at 
the poles and bghter m the centre, and showing violet rmgs m 
some specimens , nucleus compact or more or less granular , 
pigment yellow-bro-wn, m minute granules or big dots, sbo'wmg 
a tendency to collect at the poles When free the female 
gametocytes are roundish or oval, ivitb blue cytoplasm, 
nucleus compact or irregular, pjgment irregularly scattered over 
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the body in clusters or isolated gramilos Male gatactecjdes 
shon llie same form as the female, a little more irrcgulrr 
m young stages nucleus in the form of an irregular spireme 
Pigment has the same appearance, but is more definitely 
collected at the poles MTien free the male gam''toc 3 '’tes 
are round, tlie cj'toplasm shoivmg a slight Auolet-blmsh tone 
Infected cells arc slightlj' hypertrophied 
Jtcynarls — Hicmoproteus has been prenouslj'^ recorded from 
Coracia tndtea Linn by Plimmer (1912, 1914) and from other 
species of Coracia from other parts of the world, but none of 
these appears to have been given a specific name De Mello 
rejects the idea that all Heemoproteids from birds in genera! 
are identical with H daniletvsLyt 

Habitat — ^Blood of Coracia benghaUnsis bcngJiahmis Lmn 
PoHTXTGTOsn India, Corhm (Ilhas) 

1S2 Hsamoproteus corvi, nom nov (Fig 107 ) 

fH xmopro/eus ep , Donovan, 1904, Co^fcellani <L Willoy, 1905, 
p 385, pi wiv, fig 5 , p 400, DoboII, 1910, p 71 
fHxmoproievs du Corvus macrorhyncJius, do MoHo, do Su do 
Sousa, Dins, & Noronha, 1917, pp 10-11, pi i, figs 46-71 , 
do Mollo, 1937 o, p 100 



ABC 

Pig 107 — Hwmoprolctis com, nom nov A, fomalo gainolocjdo , 
B, male gamotocyto , C, so called "Acton body,” showing 
fechizogony (After do Slello, do SA, do Sousa, Dins, and 
NoronJia ) 

Young parasites small, lanceolate Female gametocj'te 
halter-shaped, stamed blue by Leiahman’s stain Nucleus 
a large cliromatic mass, stained deep red, situated usually 
in the concavitj’’ of the haltcndium, nearer one pole than the 
other, and quite close to the nucleus of the infected corpuscle , 
pigment collected at one pole, but in the fully developed 
gamotocyte may occur at both poles Male gametocy^tc ovoid 
or halter-shaped, stained but little, almost yellowish , nucleus 
contains two or three chromatin granules, and is bitufdca 
near one pole, while the pigment is situated near the other, 
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■When fully developed the nucleus may be vesicular or compact 
and hnear , sometimes the pigment may occur near both the 
poles also Schizogony takes place m the lung and not m 
the peripheral blood It is very similar to schizogony as 
described m H columbsR In the mtracorpuscular phase the 
schizonts are small, medium-sized or large, and m the extra- 
corpuscular phase the “ Acton body ” shows a single nucleus 
or, as the result of repeated division, forms a number of nuclei 
leadmg to the formation of as many merozoites 
RemarLs — ^De MeUo and his colleagues referred the parasite 
to the genus Hssmoprotens, but described schizogony as taking 
place m “Acton bodies ” that have come out of the blood- 
corpuscle As, hov ever, they state that schizogony takes place 
m the lung (presumabl5’^ m the blood-vessels), it is conceivable 
that the so-called “Acton bodies ” may have been endothelial 
cells of the blood-vessels that are bemg carried along m the 
plasma The form is consequently retained m the genus 
Hsemoprotens pendmg further investigation 

Habitat — ^Blood and smears from the lung of the crov, 
Corvus leiaiUanti macrorhynchus Blanf & Oates Ceylox , 
PoBTUGTJESE INDIA, Nova Goa , and the Indian house-crow, 
Corvus splendens VieiU India (locahty not cited by Donovan) , 
Ceyeon , PoBTUGiTESE INDIA, Nova Goa 

153 Heemoproteus damlewskyi (Grassi & Feletti) (Fig 108 ) 

Hsemoproteus (part), Bjmso, 1890, p 359 
Laverama damlewskyi, Grassi &- Feletti, 1890, p 463 
Halieridtum damlewskyi, Labte, 1899, p 79, fig 145 , Mmchin, 
1903, pp 266, 268, 269, 347, 348, 349 
fHalteridium danileusLyi, Stephens & Christophers, 1904, pp 319— 
21, fig 67 , Castellan! & Willey, 1904, pp 83—4, figs 7-9 
Hmmoproteiis damlewskyi, Mmchin, 1912, p 365 
\Hmmoproleus damlewskyi, Plimnier, 1912, pp 416, 417 , 1913, 
p 148, 1914, p 189, 1915, p 130, 1916, p 85, 1917, p 32 
Hiemoproteus damlewskyi var iinnunculiis, Wasielewski & Wulker, 
1918, p 115 

Hssmoproteus sp , Wenyon, 1926, p 1383 

Hsemoproteus damlewskyi, Reichenow, 1929, pp 975-7, figs 943-6 , 
Coatney, 1936, p 88 

^Hiemo2>roteus sp , de Mello, 1937 a, p 99 

Young oval stages of the trophozoite present, though not 
common Two lands of fully developed gametoeytes (referred 
to as trophozoites by the discoverers) present m approxi- 
mately equal numbers The female gametoeytes are stamed 
distinctly blue with Leishman’s stam, leaving a clear tract m 
the centre, and with pigment granules scattered more or less 
throughout the cjrfcoplasm The male gametoeytes are shorter 
and stouter, appearmg nearly white or very famtly bluish* 
white, owmg to greater density of cytoplasm, and the pigment 
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cr&milej: sre a^regsred at the two ends The ma^e beeanes 
shoiher thicker, and Suallv nearly round In one instance 
f- douoie mfection of a blood-corpuscle by the two of 

game'-ocytes was seen 

i?tjrar/s — -Wssielewski and ITuiker (IPiS^ described from 
the kestrei a p'srr.site which tbev nam^ R. dansfe.rsJt-j var, 
^rcuh’s accepting the Tiew that many species of birds tan 
harbour the same species of parasite They point out tnat m 
kestrels the infection is either rente or chronic Acute 
infection occurs in young birds which sre 1 eanly infected 
and show schiton'? m the varioixs organs Tfhen this subsides 
chronic infection supervenes and is tharactenr;^ by xe'^apses 


A B 

Fig lOS — Ht-^op~c'‘<. s cfc"! V,cx. ?j,'s var fr’< TTas ^ Wulk 

A female game'ocyie, 3 in‘=>'’e gxmetocyte. C, coufc^e 
mfection t-ith bo’'h types of garce'ocvtes ( 4iter TVasi'C;— - 
ski and Wulkei- ) 

of a milder type extending over several Tears DiSersnt 
stages m the hfe-cycle are fully described by them 

Habitat — ^Blood of the scops owl Of us ooflu-ittvs ojIIu- 
TncET'a Pennant Cetxox Colombo Also in the bltx>d of the 
following birds from India in the Zoological Gardens London • — 

Ano-s ba-cn- Padde (Bayer s pochard) 

Lr3#acincJo laocmu-o Blanf & Oates (^ama). 

Copsychas sauJans (Linn ) (Indian, dial-bitdl 
Corac'a bergh^lcnsis ^ndrca Linn (Indian roller) 

Gamciaz a^igaJans Gould (white-throated jay-thrush) 
GlartiOla pra^ncoJa Jjomi (pratincole) 

Garrulus lanceolaius Vigors (jay) 

3TcIop^us m-damciiTiis (Gmelin) (crested black bu ntin g). 
3£csia argenf-auns Hodgs (silver-eared babbler) 

Keiiapus commanddmnus Gmelin (cotton-teai), 

Propssser rbcRcchrous (VigoTs) (Snch) __ • j- 

Prunella siropbia^a gerdoni Brooks {=:T7iaTTi7sleus jerdont 
Blanf & Oates) (Jerdon's hedge-sparrow) 
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154 Hsemoproteus glaucidii de Mello 

■^HBsmoproteus glattcidij, de Mello, 1936 b, p 473 , 1937 o, p 100 

Female gametocyte vacuolated, stamed deep blue "mth 
Xieishman’s stam , nucleus spherical and central or elongate 
and situated on the convex border, stamed rose , pigment 
scattered Male gametocyte almost imstamed , nucleus large, 
Tvithout defimte borders, contammg irregular chromatic 
masses, subcentral m halter-hke forms, central m the rounded 
ones Infected red ceU hypertrophied, with its nucleus 
retammg its position when the corpustle contams a female 
gametocyte, and displaced when there is a male gametocyte 

Remarks — ^De Mello thinks that perhaps the parasite is the 
same as the unnamed Hsmoproteus of Glaucrdium perlatum 
recorded by A & M L4ger (1914) in Niger, or perhaps it is 
only a new variety of H noctiiss Celli & San Fehce (1891) 

Habitat — ^Blood of Cflaucidium radiatum Tickell Portu- 
■GtTESE India, Canacona 

155 Hsemoproteus gymnorhidis de Mello 

^Hsemoproteus sp , Plimmer, 1913, p 148 

ffi/mnor/iidts, de Mello, 19356, p 474, 1937 a, p 100 

Female gametocytes halter-shaped, very slender, larger 
at the poles, cytoplasm alveolar, stamed deep blue with 
Lreishman’s stam, more deeply at the poles , nucleus central 
or subcentral, rod-hke, oval or bilobed , pigment m clusters 
of la^ge granules at the centre and at the poles, m the latter 
situation sometimes as a fine dust, rendermg more mtense the 
dark stammg of the cytoplasm m this part The pigment 
spreads a httle round the granules, diffusmg mto the cytoplasm 
Male gametocyte halter-shaped or oval, not stamed or slightly 
blue , nucleus as m the female gametocyte Pigment granules 
very mmute, mostly at the poles Infected red cell hyper- 
trophied 

Remarks The parasite is probably the same as the unnamed 
Hssmoproiens from the Indian Gymnons flavtcollis recorded by 
Phmmer (1913), as Gymtioris flavicdlhs is a synonym of 
G xanthacdlhs 

Habitat Blood of the yellow-throated finch, Gymnoris 
xanthocoUis Burton Pobtugitese India, Pragana , also 
from a specimen of the same species m the Zoological Gardens, 
London 

156 HEemoproteus herodiadis de Mello (Fig 109 ) 

^Hxmoproteus herodiadts, de Mello, 1935 o, pp SSl-O nl xln 
fig 2 . 1937 a, p 101, pi 1, fig 1 ^ 

Young stages roimdish oval, fuUy developed haltendia never 
embraemg the nucleus of the red cell Fusiform or irregularly 
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bent forms also occur Sexual dimorphism of the gametocytes 
only visible m the tinctorial reaction of the cytoplasm to 
Romanowsky stains, it bemg light blue and alveolar m female 
gametocytes and colourless, almost wlnte, in male gametocytes 



Fig 109 — Hn.moprote%is hcrodiadts do Mollo 
A, fomale gamotocyto , B, male gamotocyto (After do Mello ) 


Brownish-black pigment irregularly distributed in both 
Infection heavy 

Remarks — ^De Mello thinks that the form is perhaps similar 
to that found in Hcrodias alba m the Belgian Congo by 
Rodham, Pons, Vandenbranden, and Bequaert (1913) 

Habitat — Blood of the heron, Egretta tnierrrudta miennedia 
(Wagler) Portuguese Ikdia, lake of Carambohm 


167 Hssmoproteus kopki (de Mello) (Fig 110 ) 

■XHtemocyiUdium kopkt, do Mollo, 1916, pp 8-10, pi i, figa 1-17 , 
do Mello, de Sd, do Sousa, Dias, & Noronha, 1917, p 13 
Hccmoprotcua simondi, Wenyon, 1926, p 902 
'^Hcemoprotatis kopki, do Mollo, 1934 a, p 378, 1934 6, pp 1786- 
99, pi 1 

Hastnoproteus kopki, Coatney, 1936, p 88 

Young stages round and non-pigmented Female gameto- 
cybe variable in form, usually halter-shaped or oval , cyto- 
plasm finely granular, staimng deep blue with Leishman s 



A B c D 


Fig 110 — Hiemoproteua kopki (do Mello) 

A, B, femalo gametocytes , C, D, malo gamotocytos 
(After''do Mello ) 
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or May-Griinwald Giemsa stain, with, small irregiilar alveoh 
uniformly distributed all over the body, sometimes with larger 
vacuoles or even larger clear zones , nucleus a compact 
chromatic granule, stamed faintly rose , pigment granules very 
small, and scattered irregularly all over the body Male 
gametodyte usually ovoid, not halter-shaped , cytoplasm 
not stammg or only sta inin g hght straw-yellow or hght grey, 
with very distmct vacuoles, rarely without them , nucleus 
granulEir, compact, sausage-shaped or oval, only famtly 
staimng, and always larger than m the female gametocyte , 
pigment granules larger than m the female gametocyte, and 
situated m one, two or three well circumscribed vacuoles 
Infected red cell hypertrophied, dehsemoglobmized, with its 
nucleus displaced Schizogony m the monocytes or endothehal 
cells of the lung 

BemarLs — ^De Mello (1934 6) has described the schizogony 
occumng m the pulmonary epithehum of the infected lizard 
as very similar to that of Hsemoproteus m ‘ birds This, 
along with similarity m other characters, defimtely establishes 
the identity of Hsern-ocyshdium with Hasmoprotetts He has 
further shown that H Lopki is specificaUy distmct from 
H simondi, and not identical as was beheved by Wenyon 

Habitat — ^Blood and lungs of Hemidactylus brooLi Gray 
Portuguese India, Nova Goa 


158 Hmmoproteus machlolophi de Mello (Fig 111) 

■\IItemoprotetis danxlewsLyi, 'Phxam.er, 1912, p 417 
^Htsmoproicus machlolopht, do Mello, 1935 a, pp 353—4, pi xhii, 
fig 3, 1937 a, p 100 

Halteridia forms not very conspicuous , nucleus sub- 
central, stamed pale rose with Leishman’s stam Female 



Fig 111 — Hiemoproleus machlolophx (do Mello) 

A, female gametocyte , B, male gametocyte (After de Mello,) 


gametocjtes very irregular, denticulated m outline, stamed 
greyish-blue , pigment dark-brown, granules irregularly 
scattered m the cytoplasm Male gametocytes of a regular 
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outline, stained clear, almost white , pigment dark-brown, 
granules, showing a tendency to collect at the poles 

Habitat — ^Blood of the yellow-cheeked tit, Machlohphvs 
xanthogenys (Vigors) from Ivdia, in the Zoological Gardens, 
London , also from PoEruGiiESE India, Siroda (Pondd) 


159 Haemoproteus metchnlkovi (Simond) (Pig 112 ) 

'\'Hsemam(Bha mctchmkovi, Simond, 1901a, pp 150-2, 19015, 

pn 338-43, pi viii, figs 1-20 

E^r loysUdium mctchmlovi, Castollom & Willoy, 1905, pp 84-5 , 
CaBtellam & Chfllmors, 1919, p 616 , Wenyon, 1926, pp 899, 
901, 1396, Knowles, 1928, p 378, Boichonow, 1929, p 978, 
Cootney, 1936, p 89 

Gametocytes rarely exceedmg half the blood-corpuscle in 
size, with a small number of pigment granules, and not causmg 






Fig 112 — Emmoproleus metchniKovt (Simond) A, tailed 

monted form , B, largo non-pigmcntod vermiou e ' 

C, young pigmented form, Z>, fomalo gametocyto, A, 
gametocyto and male gamemcyto m the same corp , 
F, fully developed female gametocyto showing nuciem , 
O, leucocyte from the spleen showmg two 

one male gametocytes, H, leucocytefromthe lung showing 

male gametocyto (After Simond ) 


a displacement of the nucleus or distortion of , 

Tn some cases a blunt prolongation of the parasite e 
up the side of the nucleus, but lypical haltendia fo 
not seen Male gametocytes famtly ftau^g, contei^g 
larger nucleus and coarse irregularly 

female gametocytes deeply staimng, contaming jailer , 

and finer pigment Sometimes two gametocytes are found 


in the same corpuscle 

Dimensions — Gametocytes 6-10 p, m diameter 
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RemarLs — Siraond (1901 a, b, e) described two distinct 
species from the same host, one non-pigmented and hsemo- 
greganne-hke, the other pigmented haemamceba-hke Heemo- 
gregarina hanLtni is very rare, hut shows the tailed and vermi- 
cule forms similar to the Haemogregarmes of other tortoises. 
Hssmoprofeus mel^MniLovi shows sexual differentiation, the 
famtly stainmg forms with coarse grams of pigment being 
regarded as male and the deeply stainmg with finer grams 
of pigment as female gametocytes 

Habitat — ^Blood of the tortoise, Chitra indica (Gray) 
{—Trionyz indi'Cus) of the Ganges and the Jumna Unitei> 
Pkovinces, Agra 

160 Haemoproteus orioli de Mello 

■fHiemoprot-eus onoh, de Mello, 1935 6, p 469 , 1937 a, p 100 

Female gametocyte stamed hght blue wuth Leishman’s 
stam , nucleus central or subcentral, constituting a more 
or less compact chromatic dot Male gametocyte uhitish , 
nucleus central or subcentral, composed of an irregular spireme. 
Pigment hght brown, granules of different sizes irregularly 
distributed, sometimes situated near the poles m both sexes 

Remarks — ^De Mello thinks that possibly the parasite may 
be identical with the unnamed Hsemoproleus of Orioltts 
Sagittarius recorded by Cleland and Johnston m Austraha m 
1912, and of O galbula recorded by Cardamatis m Greece 
m 1919 

Habitat — Blood of Oriolus oriolus kundoo Sykes Pobtu- 
GTJESE India, Nova Goa 

161 Hsemoproteusraymundide Mello feUaimimdo (Fig 113 ) 

^Hsemoproteus raymundi, do Mello & Baimundo, 1934 a, pp 97-9, 
pis xn, xui, text-fig 1 , 1934 b, pp 1437-40, pi i , 1937 a, 
pp 98, 100 

Free trophozoites, uni- or multmucleated, are found m the 
lunq, givmg nse to schizonts, rosettes, and merozoites The 



ABC 

Fig 113 — Hasmoproteus raymundi do Mello & Baimundo A, female 
gametocyte , B, male gametocyte , G, schizogony m the 
lung (After de Mello and Baimundo ) 
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schizogony cycle is particularly simple The merozoites remain 
free among the blood-corpuscles or the cells of the host-tissue 
Sections of lungs and spleen also show achizonts withm the 
red corpuscles and free merozoites among them In the blood 
the red corpuscles show haltendia or reniform gametocytes 
Female gametocyte stamed deep blue with Leishman’s stam , 
cytoplasm finely vacuolated , nucleus eihptical , pigment 
granules deep brown and shghtly larger than in the male 
Male gametocyte stamed hght blue , nucleus granular , 
pigment granules finer Gametocytes may become extra- 
cellular and free in the plasma, and assume an oval or rounded 
form 

Dimenstotis. — Gametocytes 6-8 /a by 2 6-3 /j. , infected cor- 
puscles 8-9 fi by 4-4 5 /r 

JRemarLs — I^en the gametocytes are fuU grown the para- 
sitized corpuscles become hypertrophied, decolorized, and 
sometimes reduced to a thm border round the parasite The 
nucleus of the corpuscle is dislocated to the periphery, and 
finally disappears 

Habitat — ^Peripheral blood and sections of the limg and the 
spleen of Leptocoma zeylonica (Lmn ) PoRTtrotrESB India, 
Nova Goa 

162 HaBmoproteus rileyi Malkam (Fig 114) 

■\Hixmioproteus nleyt, Malkani, 1936, pp 165-7, pi iv 

Gametocytes show a variety of form, such as rmgs, pear- 
shaped or elongate forms, spmdles, boomerangs, and typical 



Fig 114 — Hecmoproicus nleyz Mafakaiu (After Malakoru ) 

haltendia encirchng the nucleus of the infected red blootb 
corpuscles Male gametocytes stamed a pale blue inth 
Irishman’s stam , nucleus central, large, consisting of a number 
of chromatin granules stamed mtensely red enclosed by a mem- 
brane , hrowmsh-black pigment granules collected together 
Female gametocytes stamed more deeply and the nucleus 
not granular hut compact The munber of gametocytes m 
each corpuscle varied from one to four In some there 
a mature gametoc^’te on each side of the nucleus, Imth oi toe 
same sex or opposite sexes No schizonts could be seen m 
the blood 
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Bemarks — Tlie parasite is believed to be responsible for 
a senons illness -winch ended fatally 

Habitat — Red blood-corpuscles of the peacock, Pavo 
cn^tatus Linn Bihab, Patna 

163 Hsemopro tens sunondi (Ca8teUani& Willey) (Fig 115) 

fHsemocystidium simondi, Castellani & Willey 1904, pp 84^5, 
figs 10-16, Robertson, 1906, pp 181—2, Dobell, 1910 a, 
pp 68, 69 , 1910 b, pp 123-32, pi vu , Castellani & Chalmers, 
1919, p 516, fig 173 

Hmmoproieusmmondi, Wenyotk^ 1926, pp 899,902,1388, Knowles, 
1928, p 378 , Reichenow, 1929, pp 978—9, fig 949 
fHiemaproleus stmondi, de Mello, 1934 o, pp ^10, 14—15, pi u 
Hasmaprotcus eimondi, Coatney, 1936, p 89 

Trophozoite small, rather irregular or amcsboid, -with a zone 
of pigment granules across the centre, at first only shghtly 
displacmg the nucleus of the corpuscle , by its further growth 
the nucleus of the corpuscle is more displaced Sometime'- 



ABC 

Kig 115 — H^molropeiia aimondi (Castellam & WiUey) A, feraalo 
gametocyte , B, male gametocyte , C, double infection 
■with a male and a female gametoc 3 rte (After Dobell & 
Muhlens ) 

the parasite is round, lenticular or oval, the oval form nearly 
fillmg the corpuscle and moulding itself on the nucleus of the 
blood-ceU Spherical or discoidal forms are gametocytes 
In the male type, body famtly granular , stams a delicate 
pale blue -with Leishman’s stem, and possesses numerous small 
pigment granules scattered round the periphery In the female 
type, body stains dark blue , pigment granules, though 
numerous, are slightly larger, and a varymg number of 
vacuoles al-ways present 

Dimensions — Gametocytes about 18 /i. m length by 9p m 
breadth 

Jtemarks — Dobell (1910) describes schizonts m the red 
blood- corpuscles These are round bodies about 8/x m 
diameter, and are supposed to di-cide mto two or four mero- 
zoites but probably this apparent di-vision was an artefact 
due to fusion of adjacent parasites dunng the drymg of the 

q2 
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blood-films as sho'wii by Wasie]e\^-ski and Wulker mthe case of 
the Hiemoproiens of the kestrel De Mello (1934) has carefully 
compared his obserrations on. H IjjpLi with the onginal de- 
Ecriptions of H simondt, and has come to the conclusion that 
the two are distmct and not identical as was supposed 
by Wenyon The chief characters m ■nhich the two differ 
are as follows — in 2" simondi the male gametocyte is "viithout 
vacuoles and with pigment granules finer than m the female 
and scattered over the body, whilst in H LopLt it is without 
distmct vacuoles , the pigment granules are generally larger 
than m the female and are collected m vacuoles As regards 
the female gametocyte, this has numerous vacuoles and the 
pigment granules are larger than m the male m the former 
species ; but is without definite vacuoles and the pigment 
granules are finer than m the male m the latter species 

Habtiaf — ^Blood oi Hemidaclylvs leschenavJli Dum & Bibr 
Cevloic, Trincomalee , Poetuguese Titdia, 3Iamadu, near 
Tavuniya 

1G4 Fsmoproteus stumi de Aiello 

fHs:moprcteus dehtello, 1935 b, -pp 473-4, 1937 a, p 100 

Female gametocyte vacuolated, stained light blue with 
Leishman’s stam , nucleus ovoid, central or suhcentral , 
pigment absent or irregularly scattered Male gametocyte 
halter-like or oval, almost unstamed , nucleus conspicuous, 
compact central or subeentral ; pigment at the poles 

EemarJ s — ^De Mello thinks that the parasite may perhaps 
be the same as the unnamed Hssmoprolcus of Stumus vulgaris 
Linn recorded by Celh and San Fehce (1891) m Italy by Lahbe 
(1894) m France, by Wasielewski (1896) m Germany, and by 
Coles (1914) m England 

Habifat — ^Blood of Sinmia Tnalcibarica (Gmelm) Poetit- 
GUESE I^nJiA, Ponda 

165 Hsemoproteus npupee de Jlello 

^Hscmoprolexxs upupse, de Mello, 1935 b, p 472 , 1937 a, p 100 

Female gametocyte stamed bluish, but not uniformly, with 
Leishman’s stam nucleus compact, sphencal, ovoid or 
nbbon-like, subcentral, stamed deep rose ; pigment m granules 
or clusters, irregularly distributed Male gametoiyte colour- 
less, with the borders having a very slight bluish tinge nucleus 
large, granular, pseudospirematic, the threads being irregularly 
interwoven or ifisposed m parallel Imes obhquely to the long 
axis of the parasite, stamed pale rose or violet-rose , pigment 
granules small, often dust-Iike, and never fused together, 
scattered over the body or at the poles, fewer than m the 
female gametocyte 
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Remarl.^ — The parasite may possibly be the same as that 
recorded by Darulewsky (1889) in Anthem Russia from 
Upupa epops 

Habitat — Blood of Upupa epops orientalis Stuart Baker 
Portuguese Ikuia, Daman 

166 Haemoproteus wenyoni de Mello, de Sa, de Sousa, Dias, 
& Noronha (Fig 116 ) 

fHiemoproteus uenpont^ de Mello, de Sa, Sousa, Dias, & Noronha, 
1917, pp 11-12, pi I, figs 18-44 , 1937 a, p 100 

Female gametocyte ovoid or halter-shaped, not displacmg 
the nucleus of the infected red blood-corpuscle, stamed deep 
blue ivith Leishman’s stam , nucleus small, spherical, compact, 
and almost alvays situated near one pole of the gametocyte 
at its convex border , pigment granules brovm, scattered 
aU over the body, rarely confined to one pole Male gameto- 
cyte stamed blue , nucleus usually central, polymorphic, 



Pig 116 — Haomoproleus wenyoni de Mello, de Sa, do Sousa, Dias, 
& Noronha A, female gametocyte x B, male gametocyte , 
C, ettra-corpuscular echizont (After de Mello and others ) 


bemg a compact chromatic granule or comma-shaped, Imear 
or doubled up, or pyriform, etc , pigment yellowish-brown, 
darker than m the female gametocyte, and nearly always 
situated at both the poles 

Schizogony observed m smeai-s from the hver and the lung, 
but never in the peripheral blood Schizonts small or of 
medium size ‘ Acton body ” rounded, shovung nuclear multi- 
phcation Merozoites not seen 

Remarks — The form of the gametocytes, and the occurrence 
of schizogony m smears from the hver and the lung, make it 
reasonably certam that the parasite is a HmmopTofeiis The 
so-called “Acton body ” is probably a detached endothehal 
cell of the blood-vessel 

Habitat — ^Blood and smears from the hver and the lung of 
the tailor-bird, Orthotomus sutonus (Pennant) Poktuguhse 
India, Nova Goa 
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167 Hsemoproteus sp 

'\Hs:moprotcits (?) sp , Scott, 1926, p 237, Wenjon, 1926, p 1305 
HmmopTOt&us (?) sp , Coatney, 1936, p 90, de IMello, 1937 a. 
p 99 

Habitat — ^Blood of the Saras crane, Anfigonv, anttgoneljiim , 
from India, in the Zoological Gardens, London 

168 Hffimoproteus sp 

fHicmoproteris sp , Scott, 1926, p 237 , Wcnyon. 1926, p 1368 
Hicmoproleus sp , Coatnoy, 1936, p 91 , do Mello, 1937 a, p 99 

Habitat — ^Blood of the Nicobar pigeon, Galosnas mcobanca 
Linn , from India, m the Zoological Gardens, London 

169 Hsemoproteus sp 

■\Himtoprotcus sp , Donoian (first recorded in IVenyon, 1926, 
p 1369) 

Ha.moproteus sp , Coatnov, 1936, p 91 , de Mello, 1937 a, p 99 

Habitat — Blood of the cuckoo, Oeniropus sinensis (Stephen) ♦ 
India (locahty not cited) 

170 Hromoproteus sp 

fHicmoprotetis sp , Scott, 1926, p 237 , Wenyon, 1926, p 1369 
Hicmoprofeus sp , Coatney, 1936, p 91 , de Mollo, 1937 a, p 99 

Habitat — ^Blood of the golden-headed chloropsis, Ghloropsis 
aunjrons (Temm ), from India, m the Zoological Gardens, 
London 

171 Hsemoproteus sp 

■\Ha:moprotciis sp , Castolloni & Willey, 1 905, p 385, pi xxn , fig 4, 
Hiemoprofeus sp , Wenyon, 1926, p 1371 

Rare parasites of an elongate shape, inth two or three 
vacuoles, free in the plasma Sometimes the free parasite 
appears to be surrounded by a clear halo Nucleus oval, 
central 

Hemarks — ^The parasite appeared to be non-motile, but 
show'ed a shght change of shape 
Habitat — ^Blood of the common babbler, Turdmdes Mnatus 
sirialus (Swamson) Cevdon 

172 Hsemoproteus sp 
^Hssmoproteus sp , Plumner, 1916, p 85 

Hiemoproteus sp , Wenyon, 1926, p 1371 , Coatney, 1936, p 93 

Habitat — ^Blood of yellow-fronted harbet, Cyanops flavifrons 
(Cuvier), from Ceylon, m the Zoological Gardens, London 
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173 Hsamoproteus sp 

•\Hsemoproteus sp , Plimmer, 1913, p 148 

Hsemoproteus sp , Wenyon, 1926, p 1371 , Coatney, 1936, p 93 

Habitat — ^Blood of the wandering tree-pie, Dendrocitta 
rufa vagahunda Latham, from India, m the Zoological Gardens, 
London 

174 Hssmoproteus sp 

iHsumoprotcus sp , Scott, 1926, p 237, Wenjon, 1926, p 1375 
HtcmoproUus sp , Coatney, 1936, p 95 , de Mello, 1937 a, p 99 

Habitat — ^Blood of Pallas’s fishing eagle, Hahaetits leucory 
phus Pallas from India, m the Zoological Gardens, London 

175 Hsemoprotens sp 

fHesmoproteus sp , Dono\an (first recorded m Wenyon, 1926, 
p 1388) 

Habitat — ^Blood of Hemidactylus sp India (locahty not 
cited) 

176 Eaemoprotens (?) sp 

-[Hssmoproteus (’) sp , Scott, 1926, p 237, Wenyon, 1926, p 1377» 

Habitat — ^Blood of the Ceylon loriquet, Corylhs heryllmus 
(Forster), from Ceydon, m the Zoological Gardens, London 

177 Hsemoproteus sp 

-[Hsemoproteus sp , Pbrnmer, 1913, p 148 , Knowles, 1928, p 372 

Habitat — ^Blood of the red-breasted parrakeet Psittacula 
alexandri fasciatus (MuUer), from India, m the Zoological 
Gardens, London , also from parrots m the Ahpore Zoological 
Gardens Bengal, Calcutta 

178 Haemoproteus sp 

-[Hxmoproteus sp , de Mello, 1935, p 470 , 1937 a, p 100 

Female gametocyte stamed hght prussian-blue with 
Irishman’s stam , nucleus pale rose Male gametocyte 
stamed hght blmsh-grey or colourless , nucleus a httle larger 
than m the female , pigment coffee-coloured, m granules, 
seldom m rods, scattered smgly or m clusters Shows the peculi- 

arity of almost completely hsemolysmg the infected cell 
EemarLs - — ^Hsemoproteids have been previously recorded 
from several species of Sinx from different parts of the world, 
and in view of the possibihty that it might be specifically 
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identical -mth one or the other of those parasites, de MelJo 
has not given a name to the form observed by him 

Habitat — ^Blood of Sirix ocellata (Lesson) Poettjbttese 
India, Pragana 

179 Hsemoproteus sp 

•\HiBmoprotciif’ ep , Knowle'j, 1928, p 372 

Habitat — Blood of water-fowls, buzzards, Java sparrows, 
mumas, hawks, parrakeets, and cananes m the Ahpore 
Zoological Gardens Bengal, Calcutta 

180 Hsemoproteus (?) segithinse de Mello 

■\Hssmoproteus eegilhinic, do Mollo, 1936 b, p 471 , 1937 a, p 100 

Female gametocyte stamed light blue with Leishman’s 
stain , nucleus ovoid, central or subcentral , pigment m 
mmute granules, scattered over the body Male gametocyte 
colourless , nucleus oval, subcentral or central , pigment m 
fine granules, dust-hke, collected mostly at the poles Red 
cell h 3 rpertrophied, ivith its nucleus displaced 

Habitat — Blood of Mgithina tiphia (Lmn ) Portcguvse 
India, Nagoa (Salcete) 

181 Hgamoprotous (?) anthi de Mello 

•f Tlirmoproteus ani/n, de MeRo, 1935 b, p 474, 1037 a, p 100 

Female gametocyte stamed hght blue, but not uniformly, 
with Lt-ishman’s stam , nucleus compact, central or sub- 
central, stained deep rose Male gametocyte not stamed , 
nucleus oval or triangular, central. Figment in both kinds 
of gametocytes browm, coffee-coloured, irregularly scattered, 
seldom located at the poles Infected red cell hypertrophied, 
with its nucleus displaced 

Bemarha — ^De Mello thinks that the parasite is perhaps 
similar to the unnamed Hsemoproteus recorded from AntJius 
trivialis by Galh Valerio (1902) in Europe, from A japonicus 
by Ogawa (1911) m Japan, and from A pratensis by Nieschulz 
(1921, 1922) m Hehgoland 

Habitat — -Elood of Anthus ri(^rdi rujulus VieiUot PoRTtr- 
GtiESE India, Nagoa (Salcete) 

182 Hsemoproteus (?) hramse de Mello 

tRaimoproleue sp , Donovan (first recorded in Wenyon, 1026, 
p 130G) 

tRssmoprotevs hramm, do Mello, 1936 h, pp 474-6 , 1937 a, p 100 

Female gametocyte halter-shaped, slender, more or less 
irregular, somewhat constricted m the middle, rarely oval. 
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cystoplasm liomogeneouB, stained blue ivith Leishman’s stain, 
more deeply at tbe poles , nucleus oval, central or subcentral, 
stained pale rose , pigment granules isolated or in clu 8 t-« 5 rs, 
irregularly scattered Male gametocyte halter-shaped, comma- 
shaped, or oval , nucleus vathout defimte outime, often 
scarcely visible , pigment granules fewer than m the female 
gametocyte, generally at the poles, but sometimes over the 
whole body Infected red cell unaltered or shghtly hyper- 
trophied, with its nucleus displaced 

Habitat — ^Blood of Athene brama Temm India (locahty 
not cited) , PoRTTJGtTESE INDIA, Nagoa (Salcete) 

183 Hsemoproteus (?) centropi de Mello 

fHsmoprotcv^- '•cntropi, de Mello, 1935 b, p 471 , 1937 a, p 100 

Female gametocyte -with alveolar cytoplasm, stamed hght 
blue vith Leishman’s stam , nucleus central, pale rose , 
pigment yellow-brown, m large or mmute dust-hke granules, 
situated either at tlie poles or irregularly scattered over the 
body Male gametocyte colourless, or with a shghtly pale 
blue tmge in the periphery or at the poles , nucleus central, 
much larger than m the female gametocyte, and containmg 
mmute distmct chromatic dots or an irregular spirematic 
thread , pigment very irregularly distributed, but showmg 
a tendency for a polar location Infected red cell hypertrophied, 
with its nucleus displaced 

Remarks — ^Donovan recorded an unnamed Hsemoproteid 
from Centropus stnensts from India, and unnamed Hsemopro- 
teids have also been recorded from two other species of the 
same genus from other parts of the world 

Habitat — ^Blood of Geniropus sinensis parroti Streaemann 
PoRTtJGtrESE India, Dm 

184 Hsemoproteus (?) dicruri de MeUo 

'\'Hsemoproieus dtcrun, do Mello, 19365, p 473 , 1937 a, p 100 

Female gametocyte stamed bluish with Leishman’s stam, 
but not uniformly, the poles and the convex border rema inin g 
unstamed , nucleus small, subcentral, stamed pale rose , 
pigment yellow-brown, m granules or rods, collected at the 
poles Male gametocyte ovoid, not stamed , nucleus rod-like, 
subcentral, sometimes mdistmct, stamed pale rose , pigment 
m large granules, scattered or collected m clusters at the 
poles Infected red cell hypertrophied, with its nucleus 
displaced 

Habitat — Blood of Dicrurus macrocercus macrocercus Vieil- 
lot Portuguese India, Pragana 
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185 Hsemoprotens (?) elanl de Mello 

■fHsemoproteits clam, do Mello, 1935 b, p 472 , 1937 a, p 100 

Female gametocyte stained uniformly blue •witk Leishman’s 
stain , nucleus compact, small, ovoid, rarely triangular, sub- 
central, stained reddish Male gametocyte not stained , 
nucleus large, granular, ivithout a definite outlme Pigment 
of sepia colour, disposed m both male and female gametocytes 
mh characteristic manner, bemg m the form of large mulberry- 
like masses at the poles Infected red cell hypertrophied, 
with its nucleus displaced 

Habitat — Blood of Elanus cxruleus vociferus Latham 
PoKTUGTJESE INDIA, Daman 

186 Hsemoproteus (?) gallinulse de Mello 

■^Hmmoproicus galhmilis, do Mollo, 1936 6, p 469 , 1937 a, p 100 

Female gametocyte vTith vacuolated cytoplasm, stamed 
deep blue vuth Lieishman’s stam , nucleus stamed pale rose , 
pigment browmish-black, in granules of different sizes scattered 
all over the body, rarely collected at the poles, sometimes 
grouped in clusters Male gametocyte stamed hght blue, 
rather colourless, roundish or oval, almost never halter-like , 
pigment in irregular clusters collected at the poles Infected 
red cells hypertrophied, with the nucleus displaced No 
schizogomc forms observed in lung-smears 

Habitat — Blood of Gallinula chloropus (Linn ) Poeth- 
GtrESE India, lake of Carombohm 

187 Hsemoproteus (?) halcyonis de Mello 

'\Hcemoprotcvis halcyonis, do Mello, 1936 b, p 474 , 1937 a, p 100 

Female gametocyte halter-hke, oval, or cordiform, vacuolated 
or not, stamed deep blue with Lcishman’s stam , nucleus oval, 
central or subcentral , pigment at the poles, sometimes m 
the centre or near the periphery Male gametocyte not 
stamed , nucleus mdistinct, oval or comma-shaped, central 
or subcentral , pigment scattered over the body, often denser 
at the periphery Infected red cell shghtly hypertrophied, 
sometimes not at all, with its nucleus displaced 

Habitat — ^Blood of Halcyon smyrnensis (Linn ) Portit- 
GtTESE India, Canacona 

188 Hsemoproteus (?) halcyonis var fuse® de Mello & da 

Fonseca (Fig 117 ) 

■fllBsmojyroteus halcyonis fusem, de Mello &, da Fonseca, 1937, 
pp 216-16, text figs 

Female gametocyte oval, fusiform or like a slender baiter 

wTion -err^nner dAfimtfilv bpltfir.likfi xp-bftn hill ETTOWn , oftcn 
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the haltendia are somewhat irregular, and when fully grown 
both poles of the gametocyte- fuse together, surroundmg the 
nucleus of the red cell , stained definitely blue with Romanow- 
sky’s stam , nucleus oval, generally central , pigment granules 
hlackish-brown or coffee-brown, with irregular distribution 
Male gametocyto oval when young, halter-hke when full- 
grown, sometimes completelj* surrounding the nucleus of 
the red cell, not stamed or slightly blue "mth Romanowsky’s 



Fig 117 — Hamoproteus {“>) Jialcyoms \a.T jitaca; do Mello & da Fonseca 
A, B, female gnmetocytes • C, D, male gametocytes 
(After de Mello da Fonseca ) 


stam , nucleus large, central or suh central, stamed rose by 
Leishman’s stain, reddish by May-Grunwald Giemsa stam , 
pigment granules vanahle m size and location, showmg 
a tendency to be callected at the poles Infected red cell 
not altered when the parasite is young, vhen the latter is 
full grown the nucleus of the red cell is displaced to the 
periphery 

Hahitat — ^Blood of Halycyon smymensjs fnsca (Bodd ) : 
PoETXJGirESE India, Santo Estevam 


189 Hsemoproteus (?) lanU de Mello (Fig 118 ) 

Hiemoproteus larw, de Mello, 1937 a, pp 102-3, pi j, fig 2 
Female gametocyte halter-shaped, sta inin g blue with 
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Fig 118 — Htevioproteiis (’) lanix de Mello A, female gametocylo , 
B, male gametocyte (After de Mello ) 
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body in ovoid or deformed gametocytes Infected red cell 
bypertopbied, 'NVitb its nucleus displaced 

Habitat — ^Blood of Pastor rosetis (Linn ) PoKTXJGtrESE 
India, Pragana 

192 Haemoproteus (?) platalese de Mello 

fHwmoproteus plataleic, do Mello, 1935 b, p -471 
Hecmoprotcus sp , Coatney, 1936, p 99 
HamoproCeus platalas, do Mello, 1937 a, p 100 

Pemale gametocyto vath. alveolar cytoplasm, stamed deep 
blue with a greemsh tone with Leishman’s stam , nucleus 
central , pigment coffee-ohve tone, scattered over the body, 
showmg a tendency to undergo solution and to diffuse through 
the cytoplasm Male gametocyte not stamed, or very slightly 
greyish-blue, the margms at the poles bemg often the only 
stamed part , pigment m mmute granules, often m clusters, 
generally at the poles Infected red cell hypertrophied, 
with its nucleus displaced 

Habitaf — Blood of Platalea leucorodia major Temm & 
Schleg PoRTDGtnESE India, Dm 

193 Haemoproteus (’) tephrodorms de Mello 

tHaOT<^proi€«s tepftrodonitSjde Mello, 19356, p 473, 1937 a, p 100. 

Female gametocyte halter-shaped or ovoid, stamed blue 
with Leishman’s stam, but not uniformly , nucleus oval, 
central or subcentral Male gametocyte oval, stamed hght 
greyish , nucleus small, mdistmct Pigment black or sepia 
coloured, m granules or rods disposed m hnes or clusters 
along the concave border Infected red cell hypertrophied, 
with its nucleus displaced 

Habitat — ^Blood of Tephrodomis pon^icertanus pondtcerianus 
(Gmehn) Portuguese India, Pragana 

194 Haemoproteus (?) thereicerycis de Mello 
^HsimoproUits thereicerycis, do Mello, 1935 6, p 470 , 1937 a, p 100 

Female gametocyte halter-shaped, ovoid or spherical, 
cytoplasm finely vacuolated, stamed blue with Leishman’s 
stam , nucleus hardly distmguishable with Leishman, well 
stamed with May-Gnmwald Giemsa stam, spherical, central or 
subcentral, lodged m a definite vacuole , pigment granules of 
different sizes scattered over the body Male gametocyte 
always spherical, colourless with Leishman’s stam, rose with 
Mav-Grunwald Giemsa stam, nucleus very small, comma- 
shaped , pigment granules at the poles a httle larger than those 
scattered over the body Infected red cell hypertrophied, with 
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its nucleus displaced Shows a marked tendency to hromolyso 
the infected cell and become free, takmg in tlus free condition 
aberrant forms hke deformed haltendia or spheres 

Habitat — Blood of Tliereiceryx zeylamcm inomata Walden 
PoRTTrauESE India, Corhm (Ilhas) 

195 Haemoproteus (?) thereicerycis var zeylonlea de Mello 

fHjBmoproteus thercicerycia var zeylontca, de Mollo, 1936, p 470 
1937 a, pp 100, 101-2 

Female gametocyte with vacuolated cytop.asm, stamed 
dark blue with Leishman’s stain , nucleus round, seldom 
elongated, central or subcentral , pigment granules scattered, 
minute, often in clusters Male gametocyte colourless , 
i^ucleus large and ■without defimte outlme, always central, 
and contaiiung chromatic masses with irregular disposition , 
pigment granules very minute, situated at the poles 
Infected red cell hypertrophied, mth its nucleus displaced 
Remarks — ^This variety differs from the preceding species as 
regards the structure of the male gametocyte, and does not 
show the same tendency to hmmolyse the host-cell 

Habitat — Blood ofTJiereiceryxzeylamcmzeylamcvs (Gmelm) 
Portuguese India, Mahm (Bard6z) , blood of Theretceryx 
virtdis Bodd Portuguese India, Pond4 


Genus I*EUCOCYTOZOON Danilewsky, 1889 

Leucacytozoon, Damleweky, 1889, p 23 , Borostnoff, 1903, pp 370- 
80, Wonyon, 1910, pp 63—72, Frahca, 1912, pp 173-6, Mathis 
A L6g6r, 1912, pp 77—82 , Mmchin, 1912, pp 357, 369-71, 
390,392, Moldovan, 1914, pp 249-92, Wenyon, 1926, pp 903-8, 
Kudo, 1931, p 288, Calkins, 1933, p 566, do Mello, 1935 o, 
pp 365—7 , 1936 6, pp 68—73, Roichenow, 1935, p 376 

Schizogony takes place m the mternal organs of the host, 
probably m the endothehal cells of the blood-vessels (as m 
Hmmoproteus) Certaul cells m the peripheral blood, •ivhioh 
were origmally thought to be leucocytes (hence the name of 
the genus) but are now behoved to be young erythrocytes, 
m which the colourmg matter has not yet developed, contam 
the gametocytes m various stages of groivth No pigment 
IS produced Micro- and macrogametocytes are differentiated, 
the nucleus of the microgametocyte is large and contams 
numerous diffuse chromatm granules, while that of the macro- 
game'tocyte is compact and contams a definite karyosomo- 
The host-cell is profoundly modified mto an elongate fusiform 
body, much larger than the normal red blood-corpuscle, and 
contams the elongate and hypertrophied nucleus of the cell 
and the elongate gametocyte The gametocytes leave the 
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host-cell, the microgametocyte producing the microgametes 
by a- process of flagellation and the macrogametocyte rounding 
off to form a macrogamete Fmaliy, a large unpigmented 
ookmete is formed Blood parasites of various birds 

BemarLs — Wenyon (1926) gives a useful summary of the 
previous hterature on this genus and places it in the same 
family with Hssmoproteus, from which it differs chiefly m the 
absence of pigment m the gametocytes and the pecuhar modi- 
fication of the host-cell Reichenow (1931), stressmg the 
aflhuties with the CbccniiA, places it m a family by itself 
under Eimeeidea I have followed Wenyon, Kudo, and 
Calkins m placmg it here De Mello (1937 a) has surveyed 
the previous literature deahng with the genus, and come 
to the conclusion that species with a rounded form should be 
placed m an mdependent genus from Leiicoci/iozoon, which 
should be restricted to the fusiforrt\ species 

196 Leucocytozoon ardeolas de Mello 
^Leucocytozoon ardeohe, de Mello, 1937 a, p 106 

Form round No sexual differentiation made out Cyto- 
plasm with very mmute alveoh, staining deep blue with 
Leishman’s stam , nucleus circular, stainmg pale rose 
Habitat — Blood of Ardeola grayi Sykes Poktuottese 
India 

197 Leueocytozoon chloropsidis de Mello (Fig 119 ) 

fJjeucocytozaon chloropsidis, do Mello, 1935 o, pp 356—7, pi xlui, 
fig 2, 1937 a, p 105 

Form round or oval Cytoplasm alveolar Sexual dimor- 
phism of the gametocytes not shown by the cytoplasm, which 
stams deep blue m both the male and female, but by the 



A B 

Fig 1 19 — Leueocytozoon chloropsidis do Mello 
A, female gametocyto , B, male gametocyte (After de Mello ) 

appearance of the nucleus In the male gametocytes the 
nucleus is long, thread-hke, irregular, and stains violet by 
Romanowsky stams In the female gametocytes the nucleus 
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18 roundish or oval, -weakly stamed pale rose or not stamed 
at all Infection very scanty 

Habitat — Blood of the golden-headed chloropsia, Gkloropsi^ 
aurifrons davidsom Stuart Baker Portugitese India, 
Mardol 

198 Leucocytozoon coracise de MeUo & Afonso (Big 120 ) 

■\L6ucocytozoon comcicc benghalcnsts, do Mollo &. Afonso, 1935 6, 
pp 71—2, pi 11 , do Mollo, 1937 a, p 105 

Borxn of the adult gametocyte ovoid, included in a fusiform 
cell C 5 d>opIasni finely alveolar stains blue with Romanowsky 
stains, but lighter than in Xr melloi Ratio of length to breadthis 
5 to 2 m intracellular forms and 7 to 4 m free forms Nucleus 




A B 


Fig 120 — Leucocytozoon coraciw de Mollo A Afonso 

A, female gametocyte , B, male gamotocyte 
(After do Mello and Afonso ) 


ovoid or bean-shaped, central or subcentral Sexual dimo^ 
phism 18 recognizable in the structure of the nucleus as stauied 
iron hsematoxyhn The nucleus of the female gametocyte 
is small, with a karyosome and a centnole or only wth centnole 
The nucleus of the male gametocyte is much larger, often oval, 
elongated, or even bean-shaped, filled -with granules, but withou 
a centnole 

Jiemarks —'No young forms or schizogony stages were 
recognized Specimens of this species tvere far more ah^dant 
(m the ratio of 7 to 1) than those of L melloi described from 


the same host . , , , t,,. 

The poles of the fusiform host-cell are stamed greyish-wue 
by Roi^nowsky stams, and stamed hghtly by Heidenham s iro 
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hpematoxykn The nucleus of the host-cell is attached to one 
side of the para-site, giving it a bean-shaped form The 
parasite is really ovoid, as can be seen in free forms or where 
the nucelus of the host-cell is still central In many cases 
one or both poles of the host-cell are lost, and it appears to 
be represented onlj*^ by its nucleus 

Habitat — Blood or smears from the limgs of Ooracius 
benghalen^ts benghaJensis (Linn ) PoRTtroTTESE Iedia, Corlim 

199 Leucocytozoon enriquesi de Mello 

'\Lcucocytozoon enriquesi, do Mello, 1937 a, p 106 

Form round Differs from the precedmg species m the 
nucleus being roundish, ovoid or sausage-shaped and always 
well stained in the female gametoc 3 de , and in the nucleus 
bemg verj"^ large, circular, and occupying the greater part of 
the body, and stained pale rose, dust-like and with a more 
deeply stauung body, in the male gametocyte 

Habitat — Blood of Gbloropsts gerdont Blyth Portuguese 
Ikma 

200 Leucocytozoon (?) melloi, sp nov (Fig 121 ) 

'\Leucoctjlozoon (’) sp , “ type B,” de Mello & Afonso, 1935 b, 
pp 72-3, pi 11 , do ilello, 1937 o, p 105 

Form of the adult gametocyte spherical, attached to the 
nuclear substance of the host-cell, the rest of the cell not to be 
seen Cytoplasm compact, stained deep blue by Romanowsky 
stams, and much darker than L coracim by iron ha3matoxylm , 



Fig 121 — Leucocytozoon (?) mellot, sp nov 

A, B, forms with nucleus of the host cell attached , C, free form 
(After de Mello and Afonso ) 


containmg small or large vacuoles, which do not take the 
stam Only one type of gametocyte recognizable, with 
a nucleus containmg a karyosome 
Bemarks — ^Forms are of different sizes, the free ones bemg 
absolutely spherical, and not ovoid as m L coracim from the 
same host The relationship of the nucleus of the host-cell 
SPOE B 
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to the para&ite is entirely similar to that of the host-cell and 
the previous species 

Marcel Leger (1913) and Laverallan and Marullaz (1914) 
have previously described Leucocytozoons of a rounded form 
and interpreted them as different stages of the tj^ical form^ 
De Mello and Afonso (1935 h) are, however, of the opmion that 
they are definitely dealing with two independent species, 
of which the first one may he classified as a Leucocytozoon, 
while the second has enough characters to constitute an 
mdependent genus, to which the name of Marcel Leger should 
he attached As they have not given a defimte name to the 
species, but have simply described it as “ type B,” I have 
for the present kept it m the genus Leucocytozoon and have 
given the name melloi to the species 

Habitat — ^Blood and smears firom the lungs of Ooracias 
hengJialensia henghalensis (Linn ) PoETTroTTESE India, Corlim 

201 Leucocytozoon molpastls de Mello 

•^Leueocytozoon molpashs, de Mello, 1937 a, pp 106-7, pi , fig 1 

Porm round CJytoplasm with very few mmute vacuoles, 
not showing sexual differentiation Nucleus circular, with 
a well-marked membrane and a conspicuous central granule 
in the female gametocyte , oval, with chromatin disposed m 
variously arranged threads m the male gametocyte 

Habitat — ^Blood of Molpcstes cafer cafer (Lmn ) Pobttt- 
GtTESB India, Ponda 

202 Leucocytozoon sp 

'\Leitcocytozaon sp , Donovan (first recorded in Wenyon, 1926, 
p 1366) 

Leacdcytozoon sp , de ilello, 1937 a, p 105 

Habitat — Blood of the Indian httle owl, Athene brama 
(Temm ) India (locahty not cited) 

203 Leucocytozoon sp 

f Leucocytozoon sp , Donovan (first recorded in Wenyon, 1926, 
p 1373) 

Leucocytozoon sp , de Mello, 1937 a, p 105 

Habitat — ^Blood of the falcon, Falco sp India (locahty 
not citedj 

204 Leucocytozoon sp 

^Leucocytozoon sp , Scott, 1926, p 237 , Wenyon, 1926, p 1376 

Leucocytozoon sp , de Mello, 1937 a, p 105 

Habitat — Blood of the rufous-chinned laughing-thrush, 
lanthocincla rufogidaris Gould, firom India, m the Zoological 
Gardens, London 
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205 Leueocytozoon sp 

\Leucocytozoon sp , Kjiowles, 1825 

Leueocytozoon sp , Wenjon, 192G, p 1377, de Mello, 1937 a, 
p 105 

Habitat — Blood of the babbler, Leiothnx lutm (Scop ) 
BengaIi, Calcutta 

206 Leueocytozoon sp 

^Leueocytozoon sp , Plimmor, 1914, p 190 

Leueocytozoon ep tyfenyon, 1926, p 1379, de Mello, 1937 a, p 105 

Habitat — ^Blood of the chat, Oreicola ferrea (Gray), from 
India, in the Zoological Gardens, T^ondon 

207 Leueocytozoon sp 

fLeucocytozoon sp , Phramer, 1917, p 32 
Leueocytozoon sp , Wenj on, ^926, p 1382 , de Slello, 1937 a, p 105 

Habitat — ^Blood of the finch. Propasser rhodochrous (Vigors), 
from India, m the Zoological Gardens, London 

208 Leueocytozoon sp 

^Leueocytozoon sp , Knowles, 1928, pp 379, 381 

BemarLs — The host-cells, although very much enlarged 
and showing the characterististic squeezmg-out of the nucleus 
by the parasite against the cell-membrane, did not shoiv the 
drawn-out tapermg ends Knowrles thinks this may have 
been due to post-mortem changes, as the material -was not 
fresh 

Habitat — ^Blood from the heart and other viscera of Bekmg 
robins m the Ahpore Zoological Gardens Bengal, Calcutta 

209 Leueocytozoon (^) sp 

■\Leucoeytozoon (?) sp , de Mello, 1937 a, p 105 

Bonn round Female gametocyte wath very small vacuoles, 
and stainmg deep blue wuth Leishman’s stam, nucleus ovoid, 
granular, stainmg rose colour Male gametocyte wuth large 
vacuoles, and stainmg hght blue , nucleus m the form of 
an irregular thread 

BemarLs — ^Accordmg to de Mello, the form is perhaps 
similar to L arnislloiai Cleland, 1912, described from Ortolus 
sagiUarivs m Austraha 

Habitat — ^Blood of Orwlus ortolus kundoo Sykes Poktti- 
QTJESE India 

E 2 
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210 Leucocytozoon (?) sp 

^Leiicocytozoon (?) ep , do Mollo, 1037 a, pp 105-0 

Form round No sexual differentiation Great tendency 
to aberrant forms in addition to round ones of regular type 
Nucleus crescentic or irregular and very large in some speci- 
mens , oval, with a more deeply staining line or pomt m others 
Habitat — Blood of Orwlus xaniliomus xanthornus (Lmn ) 
POBTUGUESE INDIA 


2 Family PLASMODIID^ Mesml, 1903 

Scluzogony takes place withm the red blood- corpuscles of 
a Vertebrate host During the growth of the trophozoite, 
pigment, known as hajmozoin, is formed from the hromoglobm 
of the corpuscle Gametocytcs also occur in the red blood- 
curpusclcs and contain pigment Furthe" development takes 
place in the body of a mosquito hlicrogameles are produced 
by exflagellation Zygote becomes a motile ookinete, and 
later encysts as an oocyst The oocyst grows enormously 
in size, and innumerable sporozoites arc produced, ivithout 
the formation of sporoblasts or sporocysts 

The family, according to many authorities, contams a single 
genus, Plasmodium, as they consider Plasmodium Marcluafava 
& Celli, Laverania Grassi & Felotti, and Proieosoma Labb6 as 
congeneric Doflein (1916) and Reichenow' (1929) consider 
these as distinct, and Reichenow' also includes the genus 
Dactylosoma in the family Accordmg to Reichenow it would 
be desirable to retain the generic name Proteosoma for the 
malanal parasites of birds, and to refer the malarial parasites 
of the reptiles also to it He also considers it justifiable to 
place the human tropical parasite of mahgnant tertian malaria 
in a separate genus, Laverania Both the genera Proteosoma 
and Laverania show some resemblance to Coccidia m that the 
gametocytes are spherical, oval, vermiform or sausage shaped, 
whilst in Plasmodium the gametocytes are circular and disc- 
hke The genus Laverania, which mcludes parasites of man 
and anthropoid apes, is not easily marked off from the 
Proteosoma of birds Slender gametoc;j’tes, hlio those charac- 
teristic of Laverania, occur also m some species of Proteosoma, 
and the characteristic that schizogony takes place in the mtemal 
organs in the case of Laverania has been found to occur, 
accordmg to the recent researches of Hartmann, m Proteosoma 
also 

Of the Enghsh authors, Thomson and Woodcock (1922) 
justified the retention of Laverania as a separate genus on the 
ground that the gametocyte or crescent is enclosed by a capsule, 
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the male crescent possessmg a more dehcate capsule than 
the female crescent Wenyon (1926) is not convmced that 
any such capsule exists, and is of the opmion that the life- 
cycles of the three species of malarial parasites are so similar 
in every respect that, even if a capsule did exist, it would 
not justify generic distmction In my opimon the life-cycle 
IS hound to he similar withm the same farmly, and the difference 
in form of the gametocyte is a sufficiently important feature 
to serve as a basis for generic distmction Stiles (1928) 
has announced that the International Commission of Zoological 
Nomenclature has placed both Laverania and Plasmodium 
m the official hst of generic names 

History of the Discovery of Malarial Parasites and the part 
played by the Mosquitoes — ^It will not be out of place to 
briefly review here the history of the discovery of malarial 
parasites and of the part played by the mosquitoes m their 
transmission The study of the Hsmospobidia (or Hsemo- 
cytozoa or Haematozoa as they were then generally called) 
began with the discovery by Ray Lankester m 1871 of Drepani- 
drum ranarum m the blood of the frog Human malarial 
parasites are said to have been seen, but their significance was 
not comprehended until Laveran pubhshed his mvestigations 
(1880) Golgi (1885) demonstrated the relationship existing 
between the hfe-cycle of the parasites within the human body 
and the occurence of the febrile attack In India Vandyke 
Carter (1888), Evans (1888), Hehir (1893), Crombie (1894), and 
Ronald Ross (1895) were the earliest to study the malanal 
parasites m man Ross (1895) observed the process of 
“ flagellation ” of crescentic parasites m the stomach of 
mosquitoes fed on the bIo6d of a malanal patient MacCullum 
(1897) found that the “ flagella of Hasmoproteus {Halferidium) 
and of cestivo-autumnal parasites constitute the male element, 
and serve to impregnate the “ pigmented spheres ” or female 
element, and further observed m the former that the im- 
pregnated spheres become converted into motile “ vermicules ” 
Ross (1897), workmg at Secunderabad, fed mosqiutoes upon 
human blood contaimng “ crescents ” After exammmg 
hundreds of mosqmtoes fed on malanal blood, with negative 
results, he obtamed a few mosqmtoes mth spotted wmgs, 
in which he discovered pecuhar pigmented cells lying withm 
the walls of then stomachs The pigment was similar to that 
withm the malarial parasites m the blood upon which the 
mosquitoes had been fed Ross concluded that he had found 
the mosquito which served as a host for the parasite In 
Februarj^ 1898 he again referred to his experiments with 
crescentic parasites and dapple-ivinged mosqmtoes After 
this, workmg at Calcutta, Ross observed tbe development 
of the malanal parasite of buds Proteosoma, m a species of 



246 


SPOBOZOA 


GtHex (subsequently determined as C fahgans Wied ), the 
insects bemg fed on the blood of infected crows, larks, and 
sparrows, and found similar pigmented cells In July of the 
same year Manson reported to the British Medical Association 
at Edinburgh further observations on behalf of Ross, which 
showed that the encapsulated parasites, on reaching a certam 
size, ruptured and emptied their contents mto the coelome, 
and these mmute spindle-shaped bodies subsequently accumu- 
lated m the sahvary gland of the msect, thus making it capable 
of transmittmg the infection to healthy birds 

In October 1898 Grassi suspected three species of Cuheidie 
as bemg earners of malanal infection, as they were confined 
m their geographical distribution to those regions where malana 
was prevalent m Italy It has since been proved that only one 
of these three, viz , Anopheles claviger, can serve as a host 
for human malanal parasites A month later Grassi reported 
that Bignami had made an mfection expenment mth positive 
results Bignami, Bastianelli, and Grassi (1898) observed 
the development of crescentic parasites in Anopheles claviger, 
and reported that the appearances correspond to those 
described by Ross for Proteosoma on the fourth day m Culex, 
and further that they had successfully infected a person 
with tertian fever by means of infected A claviger A few 
weeks later they followed the development of crescentic 
parasites m A claviger to the formation of sporozoites, their 
escape mto the coelome, and their accumulation in the 
sahvary glands of the insect Koch (1899) reported the 
results of the German Malaria Commission and confirmed 
the development of Proteosoma in Culex as previously desenbed 
by Ross Darnels (1899) also reported to the Royal Society 
that he had been able to confirm Ross’s observations with 
Proteosoma 

Grassi, Bignami, and Bastianelh (1899) observed the 
development of quartan parasites m A claviger, and BastianeUi 
and Bignami (1899) reported further studies upon the develop- 
ment of tertian parasites m A claviger, and later extended 
them studies of development m certam other species of 
Anophdes In September 1899 Bastianelh and Bignami gave a 
detailed description of benign and mahgnant tertian parasites, 
and their papers were dlustrated by the best coloured plates 
pubhshed till then, illustrating the development Ziemann 
(1900) observed the development of the parasites of tropical 
malana m two species of Anopheles and of tertian parasites 
in one species oi Anopheles, and followed the development up to 
the appearance of sporozoites m the sahvary glands of the 
insects In September 1900 Manson reported a positive 
infection expenment with tertian-fed Anophehs imported 
from Rome, the insects bemg permitted to bits to son 
Luhe (1900) showed the correspondence of the life-cycle oi tne 
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malarial parasites tvitli that of Cocotdia, and introduced 
a terminology which is in use up till now Nuttall (1901) 
gave a useful summary of the researches on malaria, recording 
the various u orks in a chronological order, and the interested 
reader may be referred to it for fuller details Laveran (1907) 
also reviewed the published hterature 

Key to Indian xjrcnera 

1 (i) Schizogony mostly in the red blood- 

corpuscles m tho internal organs , 
gamotocjtes spherical, ovoid, vermi- 
form or sausage shaped 

2 (3) Parasites of birds or reptiles , gamoto 

cjdes spherical, o\ oid, or i ormiform 

3 (2) Parasites of man and anthropoid apes , 

gametocytes crescentic or sausage 
shaped 

4 (1) Schizogony takes place in the red blood- 

corpuscles in the periphoial blood, 
gametocytes circular and disc bko m 
outUne Parasites of man and other 
mammals 


2 

[P 247 

PnoTEosouA Labbe, 

[Feletti, p 259 
Laverania Grassi & 


[fava & Celli, p 270 
Peasmothum Marchia- 


Genus PROTEOSOMA Labbe, 1894 

Pscttdovacitolic+PoIymtitts-^-Pseudospinllcs, Damloivsky, 1889 
Htemamaba (part), Grassi & Feletti, 1890, p 463 , 1891 o, p 465 , 
1892, p 10 

Hicmoprotous (part), Kjruso, 1890, p 359 

Hsemoprotcus \ars b & c. Colli & San Fehce, 1891, pp 641—8, 
pis vii, viu 

Corps sphinque-\- Corps afiagellcs+Corps en rosctCc (part), Laveran, 
1891 

Cytosporon+Polymiius malarfo amum, Damlowsky, 1891, p 758 
Prolcosoma, LabbiS, 1894, pp 142, 157 
Htemoproteus, Labb4, 1899, p 79 

Hsemoprotciis {Protcosoma), 2Imcbin, 1903, pp 250, 257, 265, 267 
P/<M7ao(ZitiT7j, Minchin, 1912, p 358 

Proteosoma, Doflem, I91G, pp 896—901 , Franca, 1917, pp 221—7 
P/o^morfitmi, Castellam & Chalmers, 1919, p 513^, Taliaferro, 1925, 
pp 742—89 , Wenyon, 1926, pp 977—81 
Proteosoma, Calkins, 1926, p 444 

Plasmodium, Hartmann, 1927, pp 1—7 , Knowles 1928, pp 412— 
13, p 442 , Hegner, 1929, pp 59-82 , Manwell, 1929, pp 308-45 
Proteosoma, Eeichenow, 1929, pp 983—7 

Plasmodium, Manwell, 1930, pp 381—3 , Kudo, 1931, p 287 , Ed 
& Et Sergent & Catanei, 1931, pp 399-437 , Calkins, 1933, 
pp 407, 566 , Gio\annola, 1934, pp 1—10 
Proteosoma, Reichenow, 1935, pp 376—7 

Schizogony takes place m the red blood-corpuscles, usually 
m the mtemal organs, but rarely m the peripheral blood 
The fully developed sohizont may more or less displace the 
nucleus of the host-cell or not affect it at all Gametocytes 
spherical, ovoid or ver mif orm, in some species closely re- 
sembhng those of Laverama Sporogony as m the human 
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malanal parasities of the genus Laverama and Plasmodium 
Blood-parasities of birds and reptiles 
Bemarhs — Celli and San Pehce (1891) reported three kinds 
of malanal parasites in birds, but these were not descnbed 
sufficiently adequately to be recogmzable Till 1927 the 
orgamsms contmued to be considered as belonging to a single 
species, usually called Plasmodium pr83C0x Hartmann (1927 ft), 

however, beheves that at least three species exist For one 
of these, isolated from “ Whitmore ” strain, he retams the 
name P prascox , the second, known as “ Hartmann ” strain, 
he named F cathemenum , and the third strain, obtamed by 
Huff in Virginia, was named P tnconslans Evidence has 
been secured by Manwell (1929) that the “ Whitmore ” stram 
may consist of two distinct varieties or species He seems 
to have estabhshed that the “ Whitmore ” strain of malaria. 


originally isolated by Whitmore from a New York sparrow 
m 1913, IS a variety of P tnconslans, and is distinct from 
P prsecox, which was isolated bj’^ Huff in 1926 from canaries 
originally infected with the “ Whitmore ” strain Ed ' and 
Et Sergent and Catanei (1929) described another species 
from Algerian birds as P rouxt, and Huff (1930) yet another 
as P elongatum from canary and sparrow from the Umted 
States of America Man well (1930) regards P cathememm 
Hartmann and P elongatum Huff as vahd species, and 
P tnconslans Hartmann, the “ Whitmore ” stram, and the 
“ German ” stram as three strains or vaneties of P prsecox 


Thus according to him there are three species, namely, P prse- 
cox, P cathemerium, and P elongatum These three species 
differ from one another in morphology, length of incubation 
period, size of oocysts produced in the mosquitp, length of 
asexual cycle, etc The morphological differences chiefly 
concern the gametocytes Those of P prsecox are more or 
less round, displace the nucleus of the host-cell, and contain 
fine dust-hke particles of pigment The gametocytes m 
P cathemerium are similar m shape and size, hut contam 
coarser granules of pigment, which tend to have a rod hke 
shape P elongatum takes its name from the elongate 
character of the gametocytes, which markedly resemble 
those of Hsemoproteus Russell (1932) described another 
species Besides these species, which have been employe 
in experimental work, a large number of other species o 
Proteosoma have been described as distmot, because ey 
are found m different species of birds It is now no on^ 
possible to regard the malarial parasites of birds as all be on^ng 
to the smgle species P prsecox , but the opposite 
towards the multiphcation of species should be 
unless definite morphological distmctions are t 

recent years Ed and Et Sergent and Catanei ( ^ ^ 

Giovannola (1934) have attempted a systematic r 
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species occurrmg in birds The latter recognizes nine species 
of avian Plasmodia, and divides them mto three groups 
accordmg to their morphology, as follows — 

(1) Spheroidal gametocyfes , nucleus of the parasitized 
cell displaced by gametocytes and adult schizonts (P pnecox 
with pomted pigment and P caihememim with rod-shaped 
pigment in the gametocytes) 

(2) Elongate gametocytes, spheroidal schizonts , nucleus 
of the parasitized cell displaced by schizont and slightly by 
gametocytes (P clongattim) 

(3) Elongate gametocj'tes , nucleus of the parasitized 
cell never displaced This may be divided into two sub- 
groups 

(а) Adult schizonts small and quadrangular (P rouxi 
with four merozoites , P tenne mth 4 to 8 merozoites) 

(б) Adult schizonts circumscribe the nucleus of the para- 

sitized cell (P circumflexum and P fallax) 

Coatney and Roudabush (1936) give a hst of malarial 
parasites mth their hosts, without evpressmg any opmion 
about the number of vahd species De Slello (1937 a) considers 
the scheme proposed by Giovannola as premature, and refers 
to his description of P centropi, which combmes certain 
characters of all the three groups 

Buxton (1935) has shown that if females of Cnlez fatigans 
are infected mth Prot^soma, deaths occur earher than m 
controls, and thinks it due to the mvasion of the wall of the 
mid-gut by the ookmete 

Wolfson (1936) was able to transmit bird malaria by the 
mtravenous mjection of sporozoites The sahvary glands 
of Culex pipiens infected with P prmcox were dissected out 
and the contents placed m a solution of 1 per cent sodium 
citrate m 07 per cent sodium chloride to which one drop 
of sterile bovme serum per c c WdS added Canaries were 
m 3 ected mtravenously with 150 mgm of the solution, and two 
out of the three birds acqiured an infection 

211 Proteosoma centropi (de Mello) 

'\Plasmod\‘um centropi, de Mello, 1937 a, p 97 

Gametocytes spheroidal or crescent-shaped , nucleus of 
the parasitized cell always displaced , pigment granular 
or rod-shaped 

PemarLs — EuU description of this species has not yet been 
published Accordmg to de Mello (1937 o) the species com- 
bmes the characters of all the three groups of Giovannola’s 
classification as given above 

Habitat — ^Blood of Centropus sineTisi'S parroti Stresemann 
POETTTQXTESE INDIA 



250 


SPOHOZOA. 


212 Profeosoma chloropsidis (de Mello) (Fig 128 ) 

■\Plasmodzum pr-BCO-c, Scott, 1926, p 237 , Wenyon, 1926, p 1369 
c/i/orops?rfjj, do Mello, 1935 a, pp 354-5, pi xlni, fig i 
Plasmodium pi sccox, Coatney & Koudabush, 1936, p 342, de Mello 
1937 c, p 98 

Young trophozoites ring-shaped, resembhng those of 
Laverama malariee Larger trophozoites in the form of big 
rings ivuth broiraish pigment granules Rosettes -wTith (or 
with&ut) pigment, situated generally on the periphery of the 
red cell, \nth varymg number (6 to 11) of merozoites Male 
gametocytes oval, Tvith large, irregular nucleus Female 
gametocytes roundish, generally stamed deeply blue, vath 
round or oval nucleus Infected red corpuscles not altered 
Remarks — ^De Mello beheves that the form is the same as 
that registered as P prsecox, from the same host, by Scott and 
Wenyon He, hoAvever, regards it as a distinct species, differ- 
mg from true P prescox m the irregular number of merozoites 
formed durmg schizogony, and in the compact structure of 



Pig 128 — Protcosoma cliloropstdis (de Mello) A, nngform, B, full* 
gio'wn trophozoite , C, rosettes , B, male gamotocyte , 
E, F, female gametocytes (After de Mello ) 


the nucleus of the merozoites, which contrasts with the ring- 
shaped nucleus of the merozoites m P 'prmcoz 

Habitat — Blood of the golden-headed chloropsis, Ckloropsts 
aurifrons Temra , from India, in the Zoological Gardens, 
London , also blood of Chloropsis aurifroTis datidsom Stuart 
Baker Portuguese India, Mardol (Pondd) 


213 Proteosoma columbse (Carmi; 

Plasmodium columbie, Carini, 1912 pp 396-8 
Plasmodium sp , Ed & Et Sergont, 1904, pp 132-3 
fHasmopro/eus columbie, de Mello & de Sa, 1916, pp 731-4, de 
Mello, de Sa, de Sousa, Dias, & Noronha, 1917, pp 8-9 
Plasmodium columhss, Coatney & Koudabush, 1936, p 339 

Schizogony said to take place m the plasma of the blood 
m the lung Merozoites are seen in red blood- corpuscles m 
small irregular bodies mth cytoplasm and nucleus The 
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large schizont reaches nearly a quarter the size of a red cell 
Stained by Giemsa’s stain the nucleus is bright red and the 
cytoplasm deep blue , some mmute bro^vTush-yellow pigment 
granules can be seen m the latter It is then said to become 
free m the plasma, lose its pigment, assume a circular form, 
and stam a pale blue, with the chromatm central m position 
This IS called the “Acton body ” The chromatm divides, 
forming two, and later more numerous, nuclear masses, some 
of which continue their further division, whilst others change 
mto chromidial dust The “Acton body ” grows, and eventually 
all the nuclei disappear, and m its mtenor no nucleus, 
but only idio-chromidia, can be seen This stage, called 
the meroblast, gives ongm directly to the merozoites {corps en 
rosace of Prencli authors, rosda of Portuguese authors) The 
rosda breaks up, and the merozoites infect fresh red corpuslces 

Sexual forms are seen in the peripheral blood Gamete 
formation, their structure and distmction mto male and female 
forms, as described by Acton and Knowles for Hsemoproteus 
columbse Young gametes can be recogmzed as male or female 
by then stammg reaction, form, situation and arrangement 
of chromatm, and the quantity and size of pigment granules 
Gametes are halter-shaped, and embrace the nucleus of the 
infected blood-corpuscle 

Hahitat — ^Blood of Cohimha sp PoETOGtrESE India, Nova 
Goa 

214 Proteosoma gallmulae (de Mello) (Pig 129 ) 

"^Flasmodtumr gaJhnulns, de Mello, 1935 a, pp 352-3, pi xlu, fig 3 , 
de Mello, 1937 a, p 98 

Young rmg-forms very regular Full-grown trophozoites 
larger m size and oval m form Large amceboid trophozoite 
provided with brownish-black pigment set free by the burstmg 
of the corpuscle Gametocytes show a clear sexual dimorphism 
Male gametocytes are roundish or oval, alveolar , nucleus 
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Fig 129 — Proteosoma gdllinulse (do Mello) A, rmg-form , B, full- 
grown trophozoite , <7, fro© amceboid trophozoite , D, E, 
male gametocytes , F, G, female gametocytes (After 
de Mello ) 
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consisting of many chromatmic rods irregularly connected 
together , pigment granules smaller, more or less scattered 
through the cytoplasm Female gametocytes stam a compact 
and deep blue, have a large nucleus, and the pigment granules 
are larger Infection very scanty Infected red cells hyper- 
trophied 

Habitat — ^Blood of the moor-hen, Oallinula chloropus T.inn 
PoETuotTESE India, lake of Carambohm 


216 Froteosoma herodiadis (de Mello) (Fig 130) 

fPlasmodtum herodiadis, de Mello, 1936 a, p 361, pi xlii, fig 1 
de Mello, 1931 a, p 98 

Rmg form with a granular or rod-like chromatmic dot 
Older trophozoites pyriform or rounded, mth irregularly 
scattered browmsh-black pigment Rosettes with five to 
ten chromatmic bodies Male gametocytes somewhat oval, 
with a larger, irregular nucleus Female gametocytes roundish, 
with a round nucleus Infection not very heavy Parasitized 
red cells not altered 



Fig 130 — Prateosoma herodiadis (de Mello) A, ring form , B, G, 
pyriform or rounded trophozoites , JD, schizont , E, male 
gametocyte , F, female gamotocyto (After de Mello ) 


Remarhs — ^This form is said to he distmguishable firom 
Hsemoproteus herodiadis, found in the same host, by the 
nucleus bemg stamed a vivid red colour m the former and 
a pale rose colour m the latter 

Habitat — ^Blood of the heron, Egretta intermedia intermedia 
Wagler Pobtdgtjese India, lake of Carambohm 


216, Froteosoma heron! (Basu) 

^Plasmodium heroni, Baau, 1938, p 244 

Remarks — ^Morphological description of the 

not yet been pubhshed Infection is easily 

feom one paddy-bird to another by blood mooulation, ana t e 

disease set up is severe ' , ^ 

Habim— Blood of the paddy-hird commonly known as 

“ pond heron ” Bengal, Calcutta 


species has 
transmitted 
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217 Proteosoma moruony (de Mello & de Si) (Fig 131 ) 

■^H'TPnoprotetts inortiony, do Mollo <fe do S4, 1916, pp 734—5, pi bav, 
fig3 A, 1—13, B, 1—18, de Mollo, de Sd, do Sousa, Dios, & 
Horonha, 1917, p 9 

Hienioptvtetis moruom, Wenj'on, 1926, p 1370 
Hfemoproteus moruonr/, do Mello, 1937 a, p 99 

Scluzogony said to take place m the plasma Merozoite 
enters a red blood-corpuscle and assumes a cmcular form, 
•mth a small chromatimc mass in the centre Pigment granules 
are present Large scluzonts not seen m the body of ery- 
throcytes, and the largest form m a red cell does not reach 
a quarter of the size of the infected cell The schizont becomes 
free m the plasma, as the “Acton body ” It has no visible 
pigment, and is surrounded by a very dehcate hyaline capsule 
The chromatm imdergoes bmary division, forming eight 
chromatm dots Later, all the chromatin changes into idio- 
chromidia and the capsule eventually disappears, the mero- 
zoites constituting the roseia 

Gamete formation, their structure, and differentiation into 
male and female similar to that m Hssmoproteiis columhee 



Fig 131 — Proteo^ma moruony (do Mollo &, do Sd) A, young tropno- 
zoite, B, full grown trophozoite , C, “Acton bodj%” show- 
ing nuclear di\ ision , 1>, schizont , E, rosetta containing 
merozoites (After de Melio and do Sa ) 

The nucleus m an adult gamete is situated m the convexity 
of the halter and nearer to one pole than the other The 
chromatm of the macrogamete is described as undergoing 
division for regressive schizogony 
Bcmarls — De Mello and de Sa, though descnbmg this 
parasite as a Hccmoproleus species, remark that all the stages 
of its development are seen in the peripheral blood, and no 
special forms are to be found m the mtemal organs 
Habitat — ^Blood of the magpie robm, Gopsychus saidana 
(Lmn ) from India, m the Zoological Gardens, London , 
also from the same host Portuguese India, Calangate 
(Bardez) 

218 Proteosoma prsecox (Grassi & Feletti) (Eig 132 ) 

Hicmamaba prsecox, Grassi & Feletti, 1890, p 463 
Hamiamaba rehcta, Grassi & Feletti, 1890, p 465 
Hscnioproteus dantiewsktt (part), Kruse, 1890, p 371 
Htymoprotcus, \ars b & c, Celh & San Fehce, 1891, pp 041—8, 
pis vii, vm 



254 


SPOEOZOA 


Proteosoma qrassii, Labb6, 1894, p 157, pi xx, figs 1-31 
■fProteosoma sp , Boss, 1898, pp 401-8, 448-50, 1899 a, pp 1-3 
1899 6, pp 136-44, Darnels, 1899, pp 443-54 ’ 

Hxmproteua dandewsLyi, Ij&hh&, 1S9Q, "p 80, fig 146 
Proteofoma sp , Schaudinn, 1900, pp 159-81 , Grassi, 1900, 
pp 115-24, Euge, 1901, pp 187-91, 2 figs , Hartmann, 190?! 
pp 148, 149, 152 

Plasmodium prascox, Minchm, 1912, p 358 
Plasmodium rchctum, Mmchm, 1912, p 358 
Proteosoma prsecox, Doflein, 1916, pp 897-901, figs 896-900, 903 
\Proteosoma prsecox, de Mollo, do Sfi, do Sousa, Dias,<L Noronha, 
1017, p 15 

•\Plasmodium danilewskyi, CastollamA. Chnbnors, 1919, p 513 
Proteosoma prsecox, Calkins, 1926, p 444 

^Plasmodium prsecox, ^cott,\Q2Q,p 237, Wen.von, 1926, pp 1365, 
1385 

Pla,smodium prsecox, V^arvyon, pp 977-8, pi in, figs 1-10, 

Hegnor, 1926, pp 479-80, Hartmann, 1927, pp 1-7, pis i, u, 
Knowles, 1928, pp 442—3, fig 102, J-4 , Hogner, 1929, pp 59- 
82 

Proteosoma prsecox, Roichenow, 1929, pp 983—4, figs 952-4, 1000 
Plasmodium prsecox, Manwell, 1930, pp 382-3 , Kudo, 1931, 
p 287, fig. 122 a-d 

Plasmodium relictum, Ed Et Sorgont & Catanoi, 1930, pp 223- 
38, 19310, pp 399-437, 1931 6, pp 327-36 
Plasmodium prsecox, Giovannola, 1934, pp 372-8, pi i, figs 1-4, 
Coatnoy & Boudabush, 1936, p 340 , de Mello, 1937 a, p 95 

Schizogony takes place m the red blood-corpuscles, generally 
m tho viscera Young trophozoites resemble the small rings 
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Fig 132 — Proteosoma prsecox (Grassi &, Feletti) (x2000 ) A, young 
rmg shaped trophozoite, P,C, larger trophozoites, 
D, schizont sphtting into a number of merozoites , E, fomaio 
gaznetocyte , P, male gametocyte (After Wenyon ) 


of Laverama malarise As growth proceeds, dark pigment 
granules appear, and the host-cell becomes distorted, ite 
nucleus heconnng displaced more or less to one side or o 
one end of the cell (unlike Hssmoproteus, which develops in 
the red blood-corpuscle without deformmg it or displacmg 
the nucleus to any extent) Schizont vanes in size ana 
penod of growth Small schizonts measure A-o it, an 
produce only about six merozoites Largest sc^onts 
about half the corpuscle and produce 16 to 24 merozoi , 
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the average number of merozoites formed bemg 15 , m such 
cases the infected corpuscles are altered in shape, pale in 
colour, and have the nucleus displaced to one side of the 
corpuscle Sometimes two or more schizonts occur m a smgle 
cell, and a crop of as many as 36 merozoites may result 
Tn the fully developed schizont the pigment is seen as a smgle 
dark mass Gametocytes are shghtly elongate ovoid bodies 
about the size of the largest schizonts, and closely resemble 
those of Laverania The female gametocyte stains more 
deeply and has a more compact nucleus than the male 
Infection is transmitted from bird to bird by Giilex mosqmtoes 
Sporogony is similar to that of the human malarial parasites 
m ATiopTieles, the time occupied by the cycle varying with 
temperature Number of oocj^ts vanes mth the number of 
gametocytes m the blood, m some cases the whole wall of the 
stomach of the mosqmto bemg studded with the oocysts 

The parasite usually occurs m the blood of small birds like 
the sparron and lark, but can also be found m the blood of 
larger birds such as the crow, owl, pigeon, partridge, duck, fowl, 
etc 

Remarks — ^The species is of special interest, as it n as while 
investigatmg it that Ross (May, 1898) first discovered the 
stages of fertilization and oocyst formation m the stomach 
of Cvlex sp (probably G fatigans Wied ) In June and July 
of Lhe same year Ross discovered the liberation of sporo- 
zoites into the ccelomic cavity of the mosquito and the invasion 
of the sahvary glands, and succeeded m infectmg healthy 
birds Irora infected Gulex mosquitoes He thus discovered the 
n hole of the transnussion cycle m P prsccox He had previously 
(1897) discovered oocysts of human malarial parasites m 
Anopheles mosqmtoes, and predicted that the transmission 
cycle of human malanal parasites would be found to occur m 
Anopheles mosquitoes, and that it nould be identical with that 
of P prsscox in Gulex, thus paving the way for the discovery 
ot the complete life-cycle of the human malanal parasites 
by the Italian workers 

Darnels (1899), working at Calcutta, confirmed Ross’s 
observations Koch, nor king m Itah’- (1899 a), studied the 
development m Gulex nemorosus (=^edes nemorosus), and 
Grassi (1899) m G pxpiens Luhe (1900) clearly brought out 
the relation of the life cycle of malanal parasites to that of 
CocciDiA, and mtroduced a termmology for vanous stages 
that IS m vogue till to-day Ed and Et Sergent (1907) and 
Neumann (1908) demonstrated that the complete ci cle 
could take place m a small proportion of Aedes ecgypli (Lmn ) 
{=Slegomyia fasciaia) that were fed on infected blood Ed 
and Et Sergent showed later (1918) that the development 
could take place m certam other species of Atdes and Gulex 
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also, and they (1919) earned out expenments on the develop, 
ment of P prsecox under varying conditions of temperature 
Celli and San Felice (1891) were the first to show that the 
infection could be transmitted jfrom lark to lark by inoculation 
of blood from an infected bird to a healthy one Grassi and 
Feletti (1891) and Laveran (1891) repeated the expemnent 
m larks, and Ziemann (1898) in another type of bird Boss 
(1898 6) showed that mosquitoes fed on ajiarrows were able 
to infect crows and larks Koch (1899 a, 1899 6) showed 
that parasites naturally oceuning in one type of birds can be 
inoculated into other types of birds Ruge (1901) and 
Wasielewski (1908) were similarly able to infect various types 
of birds, thus showing that the same species of Proteosoma 
IS able to infect a number of different genera and species 
Recording to Huff (1927) infections had been noted m at least 
seventy-mne species of birds belonging to at least fifteen 
famihes Originally the malarial parasites of birds were all 
considered as belongmg to a single species, but they have now 
been spht up into a number of species by Hartmann (1927), 
Huff (1930), Mamvell (1930) and others, and parasites from 
a large number of different birds have also been described as 
distinct species Mayne (1928) has recorded both natural and 
experimental infections in Anopheles subpichts Grassi (=ros5tj) 
According to Giovannola (1934) no less than four species are 
known to occur m Passer domeshens (Linn ), viz , P prsecox 
Grass! & Feletti, P cathemenum Hartmann, P ehiigatum Huff, 
and P rouxi Ed & Et Sergent & Catanei Accordmg to him 
P prsecox is distinguishable by spheroidal gametocytes ctm- 
taimng pointed pigment granules, and spheroidal schizonts 
producing 14 to 32 merozoites 

In recent years a good deal of experimental work has been 
earned out on infection and resistance in bird malaria (Boyd, 
1925 , Tahaferro, 1925 , Hegner, 1926), on relapses in bird 
malaria (Manueil, 1929), and on quinine and plasmochm 
therapy (Boyd, 1926 , Hegner, Shaw, and Manwell, 1928 , 
Manwell, 1930), resulting in the discovery of facts which 
are of considerable practical importance m the warfare against 
human disease 

EkccL spores” of Boss — Certain bodies desonbed as 
“ black spores ” were origmally noted by Boss (1899, 1905, 
1923) and Daniels (1900) ^^uthin oocysts m the stomach of 
infected mosquitoes, as well as free in the tissues, and even in 
uninfected mosqmtoes Accordmg to Stephens and Chnstn 
phers (1908) they are also found in the thoracic muscles and 
salivary glands Castellan! and Chalmers (1919) regard these 
so-calJ«d " black spores ” as protozoal parasites of the genus 
Nosema, which have invaded the oocyst 
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Bruce Mayne (1929), after reviewmg the previous bt-erature 
on the subject, and after recording his observations to the 
effect that these “ black spores ” have been found during 
experiments with avian malaria in umnfected mosqmtoes, as 
well as m mosquitoes harbouring the parasites of malana, 
and even in freshly emerged, unfed, laboratory-bred females and 
males of Anopheles, Gulex, and Musca, comes to the conclusion 
that most, if not ail, “ black spores ” appear to be merely 
chitmogenous thickemngs of the tracheal tubes Baiowles and 
Basu (1933) conclude that no less than three, if not four, 
different structures have been described as “ black spores ’ 
or “ chitm corpuscles ” by different workers These are * 
(c) True malaria oocjrsts which have undergone degeneration, 
and in which a very heavy deposition of pigment has occurred , 
these alone they beheve to be the true “ black spores ” 
of Ross , (6) a hyper-chitmization of segment-like portions of 
the finer ramifications of the tracheal system , (c) fungus 
infections of the tracheal system , (d) infections of the mcr- 
qmto tissues concerned with miscrospondian pa’-asites 
Their observations, based upon material studied m sections 
led them to conclude that (6), (c), and (d) have nothing to do 
with true “ black spores,” which had better be described as 
" degenerated and hyper-pigmented oocysts ” or mp-euxed 
contents of the same 

Habitat — ^Blood of sparrows, larks, pigeons, crows BEiroAli, 
Calcutta , some birds CcviiOiT , oocysts m mosquitoes, Oulex 
fatigans Wied , fed on these birds , also in Anopheles suhpidus 
Grassi {—rossn) * also blood of white-throated muma, UroloTicha 
malabarica Linn , and common Indian starhng, Stumiis 
vulgaris poltaratskyi Fmsch, from India, and Tragopan satp'-Or 
(Liim ), from the Himalayas, m the Zoological Gardens, 
London 

219 Proteosoma sp 

■^Plasmodium (’) sp , Scott, 1926 p 237 , Wenyon, 1926, p 136 S 
Plasmodium sp , Coatney & Roudabuah, 1936, p 341 , de Mello, 
1937 a, p 95 

Habitat — ^Blood of the sams crane, Antigone antigone (Lmn ), 
from India, m the Zoological Gardens, London 

220 Proteosoma sp 

■\Flasmodium sp , Donovan (first recorded in Wenyon, 1926 
p 1371) 

Plasmodium sp , de Mello, 1937 a, p 95 

Habitat — ^Blood of the Indian house crow, Gorvics svlpndsns 
Vieillot India (locahty not cited) 
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221 Proteosoma sp 

’^Plasmodium sp , Plimmer, 1914, p 190 

Plasmodium sp , Wenyon, 1926, p 1371 . Coatney & Roudabush 
1936, p 342 

Habitat — ^Blood of the barbet, Cyanops flavifrons (Cuvier), 
from Ceylon, in tbe Zoological Gardens, London 

t 

222 Proteosoma sp 

•^Plasmodium sp , Phmmer, 1913, p 148 

PZtwmodiMm sp , Wenyon, 1926, p 1372, Coatney & Roudabush, 
1936, p 342, doMeUo, I937o, p 95 

Habitat — Blood of tbe grey-beaded buntmg, Emberizafucata 
Pallas, from India, m tbe Zoological Gardens, London 

223 Proteosoma sp 

'\Plasmodium sp , Plimmer, 1912, p 415 , Scott, 1925, p 237 , 
Wenyon, 1926, p 1372 

Plasmodium sp , Coatney & Roudabush, 1 936, p 342 , do Mello, 
1937 a, p 95 

Habitat — Blood of tbe wattled starlmg, Gracula indica 
tCuvier) [—Eulabes religiosa Auct],from South India, in the 
Zoological Gardens, London 

224 Proteosoma sp 

-fPlasmodium ep , Plimmer, 1912, p 415 

Plasmodium sp , Coatney & Roudabush, 1936, p 342 , de Mello, 
1937 a, p 95 

Habitat — Blood of tbe jay-thrusb or babbler, Oarrvlax 
leucolophus (Hardwicke), from Noeth India, m the Zoological 
Gardens, London 


225 Proteosoma sp 

■^Plasmodium sp , Scott, 1926, p 237, Wenyon, 1926, p 1377 
Plasmodium sp , de Mello, 1937 a, p 95 

Remarks — ^Laveran and MaruUaz (1914) have desonbed 
Proteosoma (Hmmamaba) iervm and Proteosoma {Hsemamce a) 
hothiris from the same host from Japan 

Habitat — Blood of tbe babbler, Leiothrix lutea (Scop )j 
India, m the Zoological Gardens, London 


226 Proteosoma (*) sp 

■\Plasmodium (?) sp , Scott, 1^6, p 237 , ^ 

Plasmodium sp , Coatney & Roudabush, 193G, p 

Habitat —Blood of the Ceylon lonque^b, 

(Forster) [—Lonculus indicus Gmel ], from Cei j 
Z oological Gardens, London 
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227' Proteosoma sp 

■\Plasmodtum sp , Plimmer, 1913, p 148 
P/asmodiumsp , Wenyon, 1926, p 1377, CJoatney & Boudabush, 
1936, p 341, de Mello, 1937 a, p 95 

Habitat — ^Blood of the bunting, Melophus mdan\ctZT\f.s 
{Gmel ), from India, in the Zoological Gardens, London 

228 Proteosoma sp 

^Tlasnxodxuin sp , Phmmer, 1915, p 130 
Plasmodtum sp , Wenyon, 1926, p 1377 , de Mello, 1937 a, p 96 

Habitat — ^Blood of the thrush, Turdus houlhoul (Latham), 
from India, m the Zoological Gardens, London 

229 Proteosoma sp 

■^Plasmodxum sp , Phmmer, 1912, p 415 
Plasmodium sp , Wenjon, 1926, p 1383 , de Mello, 1937 a, p 96 

Habitat — ^Blood of the bulbul, Elathea jocosa (Linn ) 
l==Otocompa eimeria], from India, m the Zoological Gardens, 
London 

230 Proteosoma sp 

■\PlasmQdium sp , Plimmer, 1913, p 148 
Plasmodium sp , Wenyon, 1926, p 1382 

Habitat — ^Blood of the chat, Saxicola capraia (Lmn ), from 
India, m the Zoological Gardens, London 

Genus LAVERANIA Grassi & Feletti, 1890 

A third tj’pe of malarial parasite, Golgi, 1886 a, p 109, 1886 5, 
p 419, 1889, p 173 

Malignant tertian parasite, Marchiafava A CelL, 1889 
Laterama, Grassi & Feletti, 1890, p 4 , 1892, p 10 
Hmmatomonas, Hehir, 1893, pp 207—12, 241—8, 273-80 
Hiematozoon, Welch, 1897 

Plasmodiunir (part), Lahhg, 1899, pp 80—2 , Luhe, 1900, p 392 , 
Schaudmn, 1902 

Laterama, Neveu-Lemaire, 1900, p 9, Slmchm, 1903, pp 243, 
267 

Hfcmamoeba (part), La\eran, 1907, pp 110-60 
Plasmodium (part), Mmchm, 1912, p 358 

Xaierama, Doflem, 1916, pp 902-12, Castellam & Chalmers, 1919, 
pp 517-18 

Plasmodium (part), Muhlens, 1921, pp 1502—11 
Laterama, Thomson & Woodcock, 1922, pp 1530—4 
Plasmodium (part), Hegner &, Taliaferro, 1924, pp 327-9 , Wenyon, 
1926, pp 934-41 , Knonles, 1928, pp 392-^00 
Laterama, Stilea 1928, p 881 , Reichenow, 1929, pp 987—98 
Plasmodium (part), Kudo, 1931, p 286 , Calkins, 1933 pp 406, 
407, 566 

Laterama, Beichenovr, 1935, p 377 

Plasmodium (part), Bnimpt, 1936. pp 418—24 , Coatney & Rouda 
bush, 1936, pp 338-53 

Trophozoites very small rmgs Schizonts also remam small 

52 
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and do not complet-ely fill the red-blood corpuscles Hsmo- 
zom pigment granular Gametoc^’-tes elongated, wonahke- 
and somewliat siclde-shaped, so-called ‘ crescents ” Parasites 
of man and anthropoid apes 

Bemtxrhs — Lateranta malartfe, the parasite of malignant 
tertian or tropical epidemic malaria m man, and Laveranta 
rcichemwi, the parasite of the gorilla and chimpanzee are 
included m this genus The species of this genus shoir 
considerable resemblance •with Profeosonm of birds 


231 Laverania malari© Grassi & Feletti*^ 
133, & 134) 


(Rgs 122 (PI. I), 


Malarial -Darasitos, iaveraa, ISSOo, p 158, 1881, np 627-30, 
1882, p* 737 

OsctZlarta (part), La'veran, 18S3. p 113 
A third tvpe of malarial parasite, Gk>lgi, lSS6o, p 109, 18865, 
p 419 ,* 18S9, p 173 

HssmnmcAa nvilans, I.n'rersn, 1890, p 374 

Hisr^aTnccbn malaria: prsBCOx-^H- rru^ants fnmaculatum, Grassi & 
Feletti, 1890, p 10 

HsTTiamaba prsxox, Grassi & Feletli, 1890, p 6 , 1892, p 10 
Laicrama malartjE, Grassi & Feletti, 1890, p 4 , 1892, p 10 
Hcmamcdba jehri quoudxns:^ Marcliiafa\ a A Bignami, 1891 
Hismamcdba tmmaculaia, Grassi, 1891, p 14, Grassi & Peletti, 
1892, p 10 

■fHeemaiomonas malariic, jBCehir, 1893, pp 207-12, 241-8, 273-80, 
pis i-vm 

Sarratozoonfalcxparum, Welch, 1897, pp SC, 47 
JPIasv'od ttm malax-xs: prsccox, lAbbd, 1899, p 82 
Plcumodxxim malor.r tmmacidaium, I,abfa4, 1899, p 82 
fH^ermo-ncnas pTzccox, 'Ros&, 1899, pp 322— 4, 439, 1900, pp 523-7. 
Piasmcdtun pritcox, Luhe, 1900, p 460 
Lavcrama pnecox. Nevou-Lemaire, 1900, p 9, pi i, fig 37 
Lavrrzinxa znalanzc, STiochm, 1903, pp 243-54 267, 332. 351, 
fig 68 

Ssmamaba malaria, JjXL-reTzii^ 1907, pp 110-60, fig ii, pi » 
Pkismodium prsrcox, Do&exn, 1W9, pp 662-70, figs 596-609 
LarserxiTixa mala-’^ic:, DoSem, 1909, pp 662—70, figs 596-609 
P/rj,r73C<fiu*7j/hfc'par«»n, jB^s& Johns, 1912, pp 567—79, 'Mmchm, 
1912, pp 358-60, fig 156 

ITalignant tertian malanal parasites Thomson A Thomson, 1913, 
pp 77—87, pi s. 

fPlasmodtum falcxparvn. Row, 1927, p 392, pi xiaii. 
fZ/Cpc-cnio Row, 1917, p 392, pi xxrr. 

Latcranxa naZaTi.m, Castelloni A Chalmers, 1919 pp 51 <—18, figs. 

174, 175, pi 1 , figs Ic-^c 

Plasmodium xrvmaadatum, Muhlsns, 1921. pp loO^ll, pL 

fig3 20-50; pi XXXII, figs 26-40; pi xxxui, figs <2. 5—1, 
teirt-figs 4r-7 


* The retention of the genus Lavemnxa for the parasite of mahgaant 
tertian 3£alaria is in accordance with Opinion IM of the 
on ZooL Xomenclatore Many malanologists, ^ 

the separation of this parasite from those benign tertian 
Malana is not reomred on zoological groimds- and 
species m the genus Plasmodium . if this latter fcto- 

the name of the malignant tertian paraate will be Pkum f 
pamm (IVelch) • 


•‘fe*' 

-jEurroB 
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Lateranxa malarxte, Thomson <fe Woodcock, 1922, pp 1530-6, 
pis Ixv, li.\ 1 , t«\t figs 545, 646 

Plasmodxum falciparum, Hegner & Taliaferro, 1924, pp 327—9, 
pi u, figs 9-16 

Laverama falciparum, Stiles & Hassall, 1925, p 42 

Plasmodxum falciparum, Craig, 1926, pp 433-52, figs 74-8 , Won- 
yon, 1926, pp 934-41, pis vii-ix, pi xi-i, figs 16-40 , figs 391, 
401-3, Hehir, 1927, pp 166-73, pi xn, figs 76-117, pi xm, 
figs 118-29, pi XIV, figs 1-S, figs 59-60 

•IP/a-ymodtMin/aiciparHMi, Ivnoivles, 1927, pp 14-20, pi m, figs 1--4 , 
1928, pp 392-400 pi xiu 

Laverama malarxec, Reicheno'W, 1929, pp 987—97, figs 958—73, 


975 a-c , , 

•^Plasmodium falciparum. Row, 1929, pp 1120-5, pis bocxvui, 
Ixxxix , 1930, pp 221-6, pis xxiu, xxiv' „ , , , 

Plasmodxum falciparum, Aragao, 1930, pp 41-56, 1 pi , Kudo, 
1931, p 286, fig 121, /i-n, Calkins. 1933, p 407.pl i, figs 13-17 , 
pi u, figs A-L , Chaouhtch, 1936, pp 716-22 , Brumpt. 1936, 
pp 418-24, figs 185-7 , Coatney & Roudabush, 1936, p 339 
Plasmodium immaculatum, Gio^annola, 193^ pp 90—1 
tPlasmodmm fcMJ/c, Stephens, 1914, pp 169-72 
Thoso called tcnwe, Balfour & Wenyon, 1914, p 353 

fPlasmodium tenue, Smton, 1922, pp 215-35, pis ii & in, Knowles, 

Plasmodxxm ‘tenue, Wenyon, 1926, pp 951-2, fig 405 , Craig, 1926, 
pp 464—70 fig 81 

fPlawiodttm! tenue, Knowles, 1928, p 404. fig 93 
Plasmodxum tenue, Reichenow, 1929, p 988, fig 961 


The Cycle tn 31 an — ^Young trophozoites are very small, 
often seen ae a tmy bead of chromatm, 5vith a wisp of hlue- 
staimng cytoplasm adhering to the margin of the red corpuscle 
(the marginal or accoI6 form) Multiple infection of red 
blood-corpuscles is very common, many of them containing 
two, three, or somet&nes a larger number The smallest 
“ rings ” are verj*^ narrov , appearing as a thin blue hne 
surroundmg a vacuole, with a red-stainmg granule of chromatm 
or nucleus protrudmg at one side, occupymg no more than 
one-sixth of the diameter of the red blood-corpuscle Chroma- 
tm often rod-Iike, and divides very early into two granm^ 
(nuclei) THillj’’ grown trophozoites may be as large as halt 
the size of the red blood-corpuscle, and the cells contammg 
these big rings show Maurer’s dots Occasionally more 
irregular or amoeboid forms occur Infection is usually 
heavy, as many as 25 per cent of the corpuscles being found 
mfected Infected red corpuscles do not become enlarged 
(as they do m infections with Plasmodium vitas:), but on their 
"surface appear red-staimng markmgs usually known as 
Maurer’s dots (the markings were actually first described 
by Stephens and Christophers, who regarded them as 9l®f^ 
m the red corpuscle m which the red of the stain is deported) 
Maurer’s dots are larger and fewer m number than Schufiner s 
dots (which are found m P vitax), and are best seen m deeply 
stained films they are stellate or crack-hke rather than dot- 
hke, and stam bnck-red rather than the bright pink oi 




I^ig 133 Life cycle of Lavcrama malarms Grassi &, Peletti in man 
and the moaquito ( x c 1000 ) A-0, bchizogony in 
red blood corpuscles , H, immature gamotooyte , Jfi, ij* 
male and female gametocytes m blood of man, J-rLi, 
development of male gametooyte and production of 
microgametes , J j-Ls, development of femole gameto 
03 ^® and extrusion of polar body in the stomach of mos 
quito , M, fertilization. , N, transformation of zygote mto 
oolvmeto 'which penetrates through the intestmal epithelium , 
O, P, development of oocyst between the epithehum and 
the elastic membrane , Q-S, growth of cytoplasm aocom 
pamed by multiphcation of nuclei and vacuolation of 
cytoplasm , T, vacuoles nm together to reduce cytoplasm 
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Scliuffher’s dote Sooner or later hfemozom pigment appears 
m the growmg trophozoite, the pigment bemg dark brown or 
black, and is collected into a djstmct roimd mass, and this 
early collection of the pigment mto a round compact mass 
in the preschizogomc stages is a diagnostic feature of the 
asexual forms of this species 

All the infected corpuscles soon disappear from the x>«ri- 
pheral circulation, and schizogony takes place almost exclusively 
m the mtemal organs Sometimes this takes place before 
pigment has formed, at others not till some growth has taken 
place and pigment granules have developed m the cj^toplasm 
It was probably this that led the earher observers to describe 
two separate species of mabgnant tertian parasities (P rnttlanse 
prs:cox and P ‘tnalanix, xmmacxdatum) The pigment granules 
run together to form a dark granular mass at one side of the 
parasite The fully developed schizont occupies one-half to 
two-thrrds of the diameter of the red blood-corpuscle, and gives 
nseto8to24:,usuall3 10to20, verysmallmerozoites Sometimes 
a larger number, up to 32, are set free, but this may be due to 
two scluzonte being ^ontauaed in a single corpuscle The 
merozoites are arranged in a grape-hke cluster (" rosette ”) 
round a central residual mass, with a considerable amount of 
pigment 

The attack of malaria synchromzes ivith the settmg free of 
the merozoites, but the t^ee stages of the attack are not so 
sharply defined as in the case of P vitax infections The fever 
maj- occur every forty-eight hours (tertian) or every twenty-four 
hours (quotidian) fri the latter case it is probably due to two 
infections havmg originally taken place, schizogony due to 
each taking place on alternate days, causmg a daily attack of 
fever In certam cases of heavy infections schizonts are seen 
m the peripheral blood along wuth the trophozoites , and this 
IS usually an mdication that the infection is a very serious 
one and may prove fatal Schizogony may be seen m a certam 
number of ordmary infections in thick blood-films , but it 
can, however, be studied best m cultures or by carrying out 
spleen punctures durmg the acute phases of the attack 
After schizogony, which, as remarked above, usually takes 
place m the internal organs, rmg-forms appear again m the 
peripheral blood ^ & 


to a coarse network, with sporozoites commencing to 
form as finger-like buds , U, sporozoites full> formed and 
attached to several masses of cytoplasm mto which the 
network has broken, two residual masses contammg 
nuclear matter also present , V, detached sporozoites 
irregularly distributed m the oocyst, which ruptures, 
liberating them into the ceelomic cavity , TP, sporozoites 
entermg the salii arj glands , X, sporozoites mjected 
mto man by the mosquito the\ mvade the red blood- 
corpuscles and start the schizogony cj cle (After Wenyon ) 
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Merozoites grow into garnet ocytes almost exclusively m the 
blood-stream m the internal organs Only mature gametocytes 

are generally seen in the peripheral blood, though occasionally 
young forms may also be found Young gametocytes 
are slightly elongate, mth one side concave and the other 
convex Fully developed gametocvtcs are crescentic or 
sausage shaped, and arc gcneralh’ referred to as “ crescents ” 
They are aliout one and a half times the length and about 
half the breadth of a red corxiuscle Th ej'^ usually have rounded 
ends, but sometimes the ends arc pointed, and the “crescents’* 
are then sickle-shaped In deeply stained films the margm 
of the blood-corpuscle is seen to be elo«oly apphed to the 
convex side of the crescent and stretched across the concave 
side to show a bulge Sometitnc-s the crescent appears to 
be completely surrounded byasomeuliat irregular red staining 
border, which J D Thomson (1017) interpreted as a definite 
capsule Tno types of crescents arr found The male, or 
microgametocy te, is shorter and broader than the female, 
and has more rounded ends , it lies hjalme cjtoplasm, which 
fatains a faint blue or a faint tbrt^ junk colour with Komanowsky 
clams, the nucleus la larger and paler when stamed, and 
the pigment is irregularly distributed throughout the middle 
fwo-thirds of the crescent Tiie female gametooyte is thinner 
and longer and has more pointed ends , its cytoplasm is denser 
and stains more deeply blue , the nucleus is compact and stains 
more intensely, and the pigment is aggregated in the centre 
of the crescent round the nucleus In well-stained, wet- 
fixed films the nucleus of the female gametocjde is seen to 
have a large karyosome, while that of the male has fine chroma- 
tm granules distributed througli it Tfio number of crescente 
vanes considerably , sometimes a single crescent wnll bo found 
after a prolonged search, at other times they are so numerous 
that one or more wall be found in nearly every field Relapses 
are leas common than m the bemgn tertian fever, and the 
ird'ection as a rule dies out more qmcldy 
Th^ Cycle in the Mosquito — Ab an the other species of human 
malanal parasites, the gametocytes undergo their further 
development Ui the stomach of Anophehne mosqmtoes 
There the crescents retract to a spherical form, thus causmg 
the rupture of the remams of the red blood-corpuscles, and 
escapmg out of them Subsequent development and fertiliza- 
tion takes place as m the other species The male gametocyts 
gives nse to a number of microgametes by ex-flagellation, and 
the female gametooyte forms a single macrogamete Macro 
and microgametes unite m pairs, and rj'gotes, called ool^etes, 
are formed, which, after penetrating the stomach-wall, 
become lodged between the epithelium and the elastic 
the wall of the stomach There they grow , the nuclei undergo 
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rapid and repeated divisions, and finally produce an enormous 
immber of min ute sporozoites These sporozoites are set free 
through the rupture of the cyst-wall mto the body-cavity, 
find their way mto the salivary glands, and are inoculated 
into a new victim when the mosquito bites one The ookinetes 
and the developmg oocysts of this species are distmguished 



g 134- Oocyets of lKii,erania malansa Grassi & Felotti projecting 
from the wall of the stomach of an infected Anopheles , 
c, crop m f , Malpighian tubules , o, oocysts of Laieranta , 
r, "ventral reservoir , t, stomach, the enlarged portion of the 
mid gut , 8 gl , salivary glands (From Eeichenow, after 
Boss and Grassi ) 

from those of P vivax by the dark colour of the pigment m 
latt the light brown or yellow pigment m the 

■Gr Also a much larger number of oocysts occurs, and they 
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mrty bo 80 numoroim ns to bo aotunllv in oontnof. ouo 
nnotbor on Ibo Blomnob-wall. 

JifmatL'i — ^3'Jioro is n vast litcmtmo on this, ns well ns tlio 
otbor spooios tvuisuip innlnrin in man, and it is ibfiioult to 
rotor to ovon tfio inoio inipmtnnt noiks Jioro yniton (192ft) 
luis published a voi^i laluablo and oouiplolo bibliography 
on lunlnna in India, incloMiig about 2200 pnpoia mid roiiorts 
donlmg with tho oaiisntion, pun out ion, and lioatiuont ol the 
disease Co\cll (1927, 1931) bus similatlj rollootod all the 
nvaiinblo data relating to tho transmission of lunlaria by 
difleronl. speeies of Anophohne nioscputoos For infoimation 
on tho subjeets of pntbologi of mahui’i infeetions, the oooiir- 
ronco and nioobanism ol u'lnpses, tlio tnetois which inlluonco 
the deiplopment and smiual of lUalanal parnaites in 
inosquitoes, tho possibility of aiiimnl rcsenoiis and tho 
euseoplibihlv of man and amnialK to moeulntion, jotcronee 
may bo inado to text -books and other apoeial works 

L inalaruv m usually present m trojmml eountnes, and is 
responsible for smoro outbieaks «t epidoimo luiiliuin Tlio 
fever is refeirod to ns malignant, as it does not iield readily 
to treatinent Two tipes ar<'> known, a quotidian, wlueh 
recurs every dnv, and a tertian, whieh loours ovoiy other day 
Whether or not these are due to di8tincf> species or the 
quofidum is duo to douhlo infect ion is still imcerkuu 

Knowles (1919) nofieed ciosoents, without asexual fotms, 
in blood-liUus taken from a convalesoont nialaua patient 
It is quite eommon (a come aeioss oreseents ami other forms 
in blood films from persons living in an endenne area w ho mo 
quite free fioni all svmptoms of malaria at. the time Knowles, 
Chopra, Oupta, and Das (xiipta (1923) roeoid the oNanuuntion 
of twelve \nllageis from the Kuki Hills in Assam ndnutted to 
hospital in Calcutta sunoimg from tinmbcosia All except 
one were afobiile, and jet blood examination Rliowod that 
eleven out of twohe patients bmboured malarial paiasites, 
all thiee apooioa being found among different pntienks, and both 
trophor.oites and gmuetoeytes '"were eneountered Smton 
(192(5) has made a. thorough 8tud^ of the problems relating 
to gametooj to louuation He fiiuK that (o) there is a marked 
seasonal variation in erosoout production in pat lonts ; ((>) difler- 
ent localities show a difl'oront. proportion of oroscent-eainors ; 
(c) there la a distinct correlation between the numerical pre- 
valence of asexual forms in t he peripheral blood and the numhei 
of oreseents winch appear about ten dajs later, (d) the 
dovolopmout of crescents appeal s to be associated watli a 
lowered immunity, jiossublv due to a ohango m the reaotion 
of tho pulp in the bone mariow and spleen ; (e) wo luarked 
correlation can bo tiaced between the degree of spleiue enlarge 
inont and the ocournmee of oiesceuta in the peripheral bloon , 
(/) duration of Ido of a oveaeont may be as long as forty to 
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fifty days m the penpheral blood, but the great majority of 
them disappear withm three “weeks after the asexual cycle 
has been destroyed , and (g) the reduction in the number 
of crescent earners by efiicient treatment is an important 
factor m all anti-malanal campaigns 

Row (1929), discussmg the subject of evolution of the 
crescents of malanal parasites groivn anjsrobically m simple 
cultures, recorded definite variations durmg different attacks of 
the same infection Thus, when a man fresh from Europe, and 
otherwise healthy, is infected, one may find m his first paroxysm 
a very severe chnical reaction, and yet the number of parasites 
m his penpheral blood is very small These, however, yield 
a larger number of merozoites m culture, whereas durmg the 
second and third paroxysms, though the number of parasites 
m his penpheral blood may be very large, the number of 
merozoites yielded m culture is much smaller, and this diminu- 
tion progressivelj’^ contmues for each paroxj^sm until a tnne 
is reached when one merozoite entermg a red blood-corpuscle 
produces no more than one individual This is the pomt 
when the crescent and gamete production is initiated, and, once 
started, it contmues, so as ultimately to flood the blood with 
these resistant forms of the parasite, which persist for several 
weeks durmg the apparent well-bemg of the patient The 
factors contnbutmg to this change m the direction of parasitic 
development have been observed to depend (a) on the vigour 
of the phagocytes, and (6) on the biochemical action of the 
plasma or serum m which the free merozoites find themselves 
either after the rupture of the fully developed schizont or 
after their escape from the phagocytes or on (a) and (6) com- 
bmed Eow described the phagocytosis in leucocytes and 
plasmolysis by blood serum of such of the merozoites as are 
hberated by degeneratmg leucocytes In vivo these hberated 
merozoites probably imtiate a fresh paroxysm The merozoites 
durmg each succeedmg paroxysm become more resistant 
owmg to their passage through the leucocytes, but lose then 
capacity to multiply, until the pomt is reached when one 
merozoite yields but one individual for each corpuscle attacked, 
and the crescent formation is maugurated and contmued 
This IS an ideal state of equihbrium between the host and the 
parasite Row also described the actual development of cres- 
cents m cultures, and advanced evidence for the behef that 
antibodies are formed m a malanal infection Row (1930) 
further showed that an accelerated eSbrt toward crescent 
formation was brought about by usmg for culture a mixture 
of Laverania malarias and Plasmodium vivax, and put forward 
the suggestion that m nature also such mixed infections may 
be one of the factors responsible for the presence of the 
crescents m earners m endemic areas 
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Aragao (1930) has studied the development of the gameto- 
cytes of Laverama malanss, and finds that there are two 
types of merozoites, correspondmg to the male and the female 
gametocytes Merozoites destined to form male gametocytes 
after entermg a corpuscle are spherical wnth a distmct nucleus 
and without the vacuole typical of rmg forms, while those 
destined to give rise to female gametocytes stretch across the 
corpuscle in the form of an elongate bar 

Knowles and Das-Gupta (1931) observed scanty piiago- 
cytosis in a case of infection vuth L malarjx, and Chopra, 
Das-Gupta, and Sen (1932) observed heavy phagocytosis of 
parasites by the polymorphonuclear and large hyahne leuco- 
cytes in another case Stott (1933) has reviewed the previous 
hterature on the phagocytosis of malanal parasites and 
recorded his oivn observations in two cases It severe 
mahgnant tertian infection approximately 60 per cent of 
red blood-ceUs may be mfected, and in such cases merozoite 
formation may he seen m the peripheral circulation Large 
mononuclear cells may show their phagocytic power, even m 
the peripheral circulation of severe cases, by the presence of 
(1) pigment, (2) rings, (3) red cells, normal or dehsemoglobi- 
mzed, and non-mfected or mfected with sporulatmg or, less 
commonly, with other forms of malanal parasites 

Missiroh (1933), workmg veith Culex fahgans infected with 
bird malaria, and Knowles and Basu (1935) vnth Anophdcs 
stc'pTiensi mfected vith Laverama malaria and Plasmodium 
vivax, have observed di\usion of the nucleus of the sporozoites 
into two, three or more parts The sporozoite is then said to 
divide mto a corresponchng number of small roxmded bodies 
consistmg almost entirely of cliromatm with scarcely any 
visible C 3 dioplasm These apply themselves to the surface 
of the red corpuscles and presumably grow mto the usual rmg- 
trophozoite forms If these observations are confirmed it 
would mean that the sporozoite is not the end of the sporogony 
cycle, but that occasionally, at any rate, it breaks up mto 
smaller bodies which, after entering the corpuscles, grow mto 
trophozoites 

Chaouhtch (1936) has recently observed that asexual 
multiphcation can also take place by binary fission of the 
schizont 

Alessandrim (1933) reported a new method of reprodumon 
for L malartsBy i e , simple amitotic division, occuix^ both 
m man and mosquito, but only when the resistance of the host 
IS distmctly lowered by infection, adverse environmental 
influences, etc This amitotic reproduction results m a more 
rapid and virulent multiplication of the parasite, accosting 
for the occasional permcious character of the disease limgs 
(1934) has also adduced evidence to show that m some m 
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viduals of L maJan^ repeated direct division and formation 
of two daughter organisms of equal size occurs, and according 
to him this explains the multiple infection of the red blood- 
corpuscles so characteristic of the species He believes 
that schizogon 3 ’' ma 3 - folloiv direct division 

Bo 3 'd (1935) has discussed the comparative morphologi' 
of the sporozoites of the human malanal parasites The 
form with dissimilar extremities appears most frequently in 
P vjvax, while in L tnalariai both ends tend to be pointed 
The sporozoites of L malnnsi are the finest, those of 
P malaria the coarsest 

CtiUitaiwn — ^Bass and Johns (1912) were the first, to 
fcuccessfullv cultn ate this species outside the bod\ , and to 
observe three generations of schizogoiu’’ in these cultures 
J G Thomson and D Thomson (1913) introduced a reliable 
modification of Bass and Johns s technique Row (1917) 
Bucccssfullv cultivated the malanal parasites in blood drawn 
from the finger and published his observation bn the forms 
observed in culture of Plasmodiitm faJcijmrnm and Laicravia 
jiriucox (s 3 Tion 3 *ms of Grassi and Feletti s two subspecies of 
Loicrmua {Hvcm-mnaJja) malarise) In the former ho noted 
the small size of the infected corpuscle and the formation of 
SIX or less inerozoites in the latter the mature schizont 
formed four or Jess merozoites and occupied the whole of the 
infected corpuscle, siluch was much larger than the norm.il one 
The scluzogony c\'cle completed iteelf in twentv-four hours, 
and there was a marked tendenevon the part of the developing 
parasite to agglutinate in. larger or smaller masses Later 
wmrkers do not regard the two subspecies as distinct Sinton 
(1922) described the culture of malanal parasites from the 
finger-blood m specialh constructed glass tubes Tlie details 
of some of the'^e methods will be found in the part dealing 
with practical methods 

‘ Plasmodium ienue " — Stephens (1914), under the n.ame of 
Plasmodium tonne, described a malanal par.isile seen b 3 him 
in a hingle blood-filra sent to him from the Central Provinces 
Onl 3 3 oung forms were present, and were distmguished bv- 
tlieir marked amoeboid form, largo size of the nuclear chromatin, 
and markcdlv” irregular shape Balfour Anihcv , and V.Vn\ on 
(1914) pointed out that such forms were not uncommon in 
Laierauia makirin., and concluded that P f> niir was not a dis- 
tinct species Knowles (1923 and 1926) expressed a. suni’ar 
opinion Sinton (1922 i) found the^e forms fir-t in fi\c 
cases ol inalana in the Central Provinces, and latc’' in other 
casf's at Lahore, and made out a strong case for the valuhu of 
P tniv> ns a distinct species Chnstopliei^ (1925), in hi'^ 
f.tud\ of mal.ina in Singhbhum, notes that the paT-,.xc,itcs 
encountered in that district rcicmblcd P tnnir ratlur than 
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X/averanm malarias Callanan (1926) found “ ienue ’ forms 
m blood-fiims containing Laverama malaria, and noted that 
the “ iemie ” forms tended to preponderate xn certain portions 
of the film, -whereas ring forms showed a predilection for others 
He concluded that near the edge of the blood-film, -where the 
red corpuscles are evenly distributed and he singly, pressure 
m spreadmg the film causes the delicate hair-hke rings of 
Laverama malartse to become distorted mto band-hke “ ienue ” 
forms So the case for P ienue as a distmct species is by 
no means proved 

Habitat — ^Blood of man, m almost all parts of India, and 
the body of the folloivmg species of mosquitoes — Anofhdes 
owmwkzri^Van der Wulp, ^ cvlicijacies GAeH{==A fuligniosus]^ 
A fluviaiiha 3&rxies [=A I tsiom- JListon), A maciilatus Theo , 
A mtmmus Theo , A pjiiltppmensta Ludl , A siephensi Liston, 
A sundatcus Rodenwaldt, and A taruna Iyengar Por the 
locahcies m Inma Buesia, and CheynoN where Laveranta 
majariae infection is kno-vm to occur, the map reproduced 
from Knowles, Semor White, and Das-Gupta (1930) at the 
end of the description of malanal parasites of man (p 279) 
may be consulted, and for the relative importance of vanous 
species of Anopheles m the transmission of malana in different 
parts, the useful summaries taken from Covell (1931) and 
Christophers (1933) may be referred to 


Genus PLASMODIUM Marchiafava & Celli, 1885 


Malanal parasites, Laveran, 1880 o, p 168, 1881, pp 627-30, 
1882, p 737 

OsciUaria (pert), Laveran, 1883, p 113 

Plasmod\um, Marchiafava & Celli, 1885, p 791 , Golgt, 1889, 
p 173 

Laieranta+HtBrnaTTKEba, Laveron, 1890, p 374 , Grassi & Feletti, 
1892, p 10 

Hicmamceba, X.&bh6, 189i, p 170 
Plasmodium, Labb«5, 1899, pp 80-2 
Hsemomtnas, Ross, 1899, pp 322-4 
Hiemammba, "Robs, 1899, pp 322-4, 439 , 1900, pp 522-7 
Plasmodium, Lube, 1900, pp 367-84, pp 436-60, Ne\eii Lemaire, 
1900, p 9 , Mmchin, 1903, pp 239, 265, 267 
(part), Laveran, 1907, pp 110-60 
Plasmodium, -blinchm, 1912, p 357, Row, 1917, p 392. CasteUam 
& Chalmers, 1919, pp 604-16, Muhlons, 1921, pp 1495-502, 
Thomson & Woodcock, 1922, pp 1617-30 , Hegner* TabafeiM, 
1924. pp 317-40, Craig, 2926, pp 362-470 , Wenyon, 1926, 
pp 908-85, Hehir, 1927, pp 164-6, Knowles, 1928, 38^ 

410, Row, 1920, pp 1120-5, Reichenow, 1929, pp 99^1009 , 
Kudo, 1931, pp 286-7, Calkins, 1933, pp 406-10, 666, Bnimpt, 
1936, pp 424-38 


Trophozoites ring-shaped, amcehoid Schizogony m the 
penpheral blood Schizonts, compact or irregulM, may 
completely fill the infected red blood-corpuscle, which may or 
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may not. be altered m size Hsemozoin pigment present 
Oametooytes more or less resemble the schizonts m form , 
m the fiilly grovro condition are nsrually circular discs which 
more or less completely fill the infected red blood-corpuscle 
Parasites of man and other mammals 

BcmarLs — Coatney and Roudabush (1936) have given 
a hst of all the known species of the genus Plasmodium together 
with the hosts from vhich each was described 

232 Plasmodium vivax (Grassi & Peletti) (Fig 123 (PI I )) 

Plasmodium /cr<iano, Golgi, 1889, p 173 
Plasmodium malaruB \ar tcrlianm, Celli & San Felice, 1891 
Hssmamccba fcbris ierltana, Marchiafa'va & Bignami, 1891 
Hnsmatn^ba vivax, Grassi & Felotti, 1892, p 10 
Hfemamacba laierani va.r /sr/iatia, tabbe, 1894^, p 170, pi ix 
Plasmodium malaria: tertianum, Labb6, 1899, p 82, fig 147 a 
Hamiamccba malari'e -VBX mopija, Laveran, 1900 
Plasmodium vivax, Liihe, 1900, p 460 , Neveu-Lomaire, 1900, 
p 9, pi 1, fig 2 

Hiemamosba tnalariwer ierlianfe, 'Laxeron, 1901 
Plasmodium vivax, Schaudmn, 1902, pp 169-250, pis i\-\i, 
:Mmchm, 1903, pp 243-54, 267, 332, 351 , Doflein, 1909, 
pp 670-3, figs 612-15, Minchin, 1912, pp 137,358,359, 360, 
figs 72, 156 

jPlasmodium t-ii'a*. Row, 1917, p 392, pis xx-xaai 
P/osmodtum t.uaa:,Casteilani& Chalmers, 191 9,pp 510-12,figs 166, 
169, pi 1 , figs 16-8 6, Mfihlens, 1921, pp 1495-9, pi xxv, 
figs 1-36, pi v!£\i,figs 1-8, pi xxxu,fig8 1-15 , pi xx 3 cm,fig 4, 
Thomson & Woodcock, 1922, pp 1517-29, pi Ixiii, figs 1-37 , 
pi bav, figs 38-47, 50-7 , text figs 540-4 , Hegner & Talia- 
ferro, 1924, pp 317-26, 329-30 , pi i, fig 124 , Craig, 1926, 
pp 393-413, figs 67-70 , Wenyon, 1926, pp 925-34, pi xn, 
figs 1-35, fig 400, Hehir, 1927, pp 164-6, pi x, figs 1-37, 
pi XI, figs 38—47, 50-7 , text fig 581 
•(Plasmodium tntox, ICnowles, 1927, pp 7-11, pi i, figs 1-31. 1928 
pp 383-9, pi XI 

Plasmodium max. Reichenow, 1920, pp 998-1004, fig 975, /-7 
figs 976-86 , Kudo, 1931, p 286, figs 120, 121, a-g , Calkms! 
1933, p 238, fig 124, ^,P, pp 406-10, pi i,figs 1-6, Brumpt, ' 
1936, pp 432-8, figs 190-2 , Coatney & Roudabush, 1936, 
p 340 

The Cycle in Man — Sporozoites are long and slender, 
10-12/x by 1-2/1, and are mtroduced mto the blood through 
the bite of an infected mosqmto After entering the corpuscle 
the sporozoite contracts to form a disc of cytoplasm with 
a smgle nucleus, and soon develops a vacuole, thus resembbng 
a signet-rmg The rmgs are comparatively large, not as a rule 
at the edge of a red blood- corpuscle, and usually not more than 
one m each corpuscle A nng occupies about one-third the 
diameter of the corpuscle In blood-films of heavy infections 
there may also be young forms at the edge of the red corpuscles 
(margmal forms) They may be seen m stamed specimens, 
either as httle streaks of blue cytoplasm -with a red nucleus 
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The. Cycle in the Mosquito — The development In, the mos- 
qmto IS on the same hnes as in Loieranta malariee As the 
gametocytes of P vi%ax are the largest, the zygotes and 
oocysts of this species are also probably larger than m the 
other species The pigment produced m this species is ot 
a hght broMTi colour, while that m the other two species of 
human malarial parasites is dark broim or black thus 
zygotes and oocysts with hght brown pigment wnU be those 
ofP vivax 

Rem^irls — Grassi (1900) and Schaudmn (1902 a) described 
certain changes in the female gametocyte which they mter- 
preted as parthenogenesis J D Thomson (1917) and Wenyon 
(1926) have refuted the theory and explained that the appear- 
ances observed maj' be due to a red corpuscle bemg infected 
■with t'wo or more parasites, which may both be scmzonts, 
or a schizont and a gametocyte, and thus combmations of all 
sorts of appearances may result 

Chalmers and Archibald (1920) described what they call 
the “ tenue ” phase of P iivax, ha-ring the same relation to- 
tins species as P ienue Stephens has to Laverama malarisc 
James, Nicol, and Shute (1933) gave a description of the 
hfe-cycle of Plasmodium ovale Stephens, inth different 
characters to separate the species from the other malarial 
parasites Accordmg to them the parasite is identical -with 
that described by Craig in 1900 and 1914, but is distinct from. 
P camurense Emm Giovannola (1935) beheves that P ovale 
IS a modification of P vivax after a long residence m the 
human host, and cites historical, chmeal, and morphological 
evidence to support his claim ° 

Habitat — ^Blood of man in almost all parte of India {vide 
map on p 279), and m the body of several species of Anopheles, 
such as A annularis Van der Wulp, A cuhcifacies Giles, 
A fiuviahlis James (=A lisiom Eiston), A maculatus Theo , 
A minimusTheo ,A philippinensis , A stephensilUstOTi, 
A sundaicus Rodenwaldt, and A varuna Iyengar 

233 Plasmodium malarim (Laveran) (Fig 124 (PI I) ) 

Malarial parasites, Laioran, 1880 a, p 158 , 1881, pp 627-30 
1882, p 737 

Osctllana malaria: (part), La\eran, 1883, p 113 
Plasmodium \av quartana, Golgi, 1885 , 1886, 1890 
Ainasba malariss febris quartamc, Celli, 1891 
Plasmodium malarias quarlanrs, Celli & San Felice, 1891 
Hicmammba febris quartanXy'iilaTchiti.f&va, &. Bignami, 1891 
Hxmamaha malanx, Gra^si &, Feletti, 1892, p 10 
Hxmamceba laierani \ar quartauanim, Labte, 1894, p 170 
iHxtnammba malans;, Ross, 1898, pp 133-6 
Plasmodium malaria: quartanum, Labbe, 1899, p 82, fig 147 b 
Plasmodium vialariae. Lube, 1900, p 400, Neieu Lemaire, 1900. 
p 8, pi 1, fig 1 
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Double aud tnple infections sometimes occur owing to 
moculations by mosqmtoes on different days Each group 
of parasites undergoes schizogony mdependently, thus attacks 
of fever occur m cases of smgle infection every sevent5’’-two 
hours, that is, on the fourth day (hence quartan) Double 
infection may cause the attacks to appear on two successive 
days, and then agam on two successive days after an interval 
of tiventy-fonr hours In cases of tnple infection attacks of 
fever take place every tw enty-four hours 

iMixed infection of more than one species may also occur 
Very often P vivax and Laverama malaria are found in the 
same blood-film, as both these species are of commoner 
occurrence than P malarifc But the latter may also be met 
with m association with either of the others, and occasionally 
all three have been seen m the same blood-film The diagnosis 
of these mixed infections -will depend upon the finding of 
undoubted forms of each species 

Habitat — ^Blood of man in almost all parts of India {vide 
map on p 279) and in the body of several species of Anopheles, 
such as A annularis Van der Wulp, A culicifacies Giles, 
.4 fluvmitlis James {=A listoni Liston), A maculatus Theo , 
A mtmmus Theo , A phthppmensis Ludl , A stephensi 
Liston, A siindaiciis Rodenwaldt, and .4 varuna Iyengar 

Distribution of the Human JJalai ml Parasites 
The climatic features of the different part of India being 
so diverse, greatest diversity of distribution of species of 
malarial parasites is found m the country Knowles, Senior 
White, and Das-Gupta (1930) have come to the following 
general conclusions on the basis of the available data — 

(1) In the north-west of India P larax tends to predommate 
durmg the spring and early summer and L maJaruB m the 
late autumn P malartte is qmte ummportant 

(2) The importance of P malarias becomes greater and 
greater as one passes from the N W Prontier Province to the 
east and south-east In brief we may trace two chains of 
mcreasmg quartan prevalence, as follows — 

(a) Across Northern India the figures run 

N W F P , 0 3 per cent , Punjab, 1 Delhi Province, 
12, U P , 4 6 , Bengal, 12 3 , Assam, 9 9 , Burma, 
21 2 

(b) Down the west coast of India 

Sukkur and Smd, lo 2 per cent , Bombay Citj-, 6 G , 
Goa, 9 , Kanara, 2 1 , Mysore State, 15 7 , Coorg, 
24 , Ceylon, 33 (m some places up to 71 per cent ) 
Other luUy areas where the mcidence is high are the 
Central Provmces, 19 per cent , and the Madras Agency 
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(3) Taking all-India generally, P vivax is the predommant 
species, but this only apphes to the spring and early summer 
months In autumn and earty -vyrnter L malaria usually 
becomes predommant. 

(4) Benign tertian (P lui/ax) and quartan malaria (P malaria) 
are almost equally common in Ceylon, although in certain parts 
of the island — and especially m the hilly districts — quartan 
malaria predominates The figure for malignant tertian 
{L malartss) is extremely low throughout the island 

Taking the figures for India as a whole, it is clear that 
bemgn tertian and mahgnant tertian infections share the mam 
mcidence of malaria m India about equally between them, 
while quartan malaria is responsible for less than 7 per cent 
The relative distribution of the different species m various 
localities will be seen from the map reproduced from Knovles, 
Semor White, and Das-Gupta on p 279 


Distribution of Mosqmto-camers of Malnna 

CoveU (1931) has summarized the available information 
concemmg the mosquito earners of malana m India, Burma, 
and Ceylon as follows — 

“ The chief malana carriers m Northern and Pemnsular 
India are culicifactes, A steph&nsi, undL A listonti A cuhet- 
facies IS the most important vector m rural areas, vhilsb 
A stepJiensi is notonous as bemg the great urban malana 
carrier of India, it bemg the only malana-carrymg species 
capable of adaptmg itself to the conditions obtaimng m citi^ 

“^A maculatus and its vanety imllmon are considered to be 
important earners m submontane areas, chiefly on epidemio- 
logical grounds A maciilatus has been found naturally 
infected (gut only) by Feegrade (1927 c) in Burma 

“ In Eastern India .4 77MniTOiiaisprobablythemostim;^rtan 

carrier Ramsay (1930) has shoivn this species to be e 
prmcipal vector in the Cachar Distnct of Assam Iyengar 
(1927) considers A minimus var laruna 
earner m Lower Bengal Sur and Sur (1929), as 
result of then dissections under natural conditions, cone u 
that A philippinensts plays an important part m ma a i 
transmission m Bengal This species 

naturally infected m Burma (Feegrade, 1926) j „g 

has also been found infected m nature m Bengal and . 
but this species is not generally considered to play an imp 
part m transmission or,H 

*‘A ludlowii IS an important earner m the ^ ^ 

on the ooaets of Burma and Bengal the “ 

considered to be the only vector of any practice p 
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DISTRIBUTION OF MALARIA 
SPECIES IN INDIAN SUB-REGIO 
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" Vanous other speciea have been suspected to be earners 
of malaria in India, but there is no direct evidence that they 
play any important part m the transmission of the disease 

“ In Ceylon Carter (1927) considers that A cttlictfacies 
and A Irstonn are the chief carriers, whilst the position of 
A Ttmculalus is uncertain The last named species, although 
prevalent in certain districts where malaria is severely endemic, 
IS relatively more abundant at someuhat lugher elevations 
(1500 feet and over), where the incidence of the disease is low, 
but where the factors of temperature and atmospheric humidity 
are favourable for transmission Semor IVhite (1920), 
however, is of opinion that this species is ‘ the malaria earner 
per excellence of the Cejdon hill country,’ on epidemiological 
grounds ” 

Cliristophers (1933) has summarized the available data 
as follows — 

“ 1 Important earners uherever found 

A c^ihctfacies , A fluiiahlis , A stephmsi , 
A S 2 indaicns , A minimus 

“ 2 Less important, but proved carriers in some areas — 

A %aruna , A phtlippinensis 

3 Species that are iijiportant earners in other countnes, 
but of too limited distribution to be important in 
India 

A superptclics , A multicolor 

“ 4 Species that have been found mfected m nature or 
expenmentally -withm or without the area, but uhich 
are probably* not of importance as carriers 

a Found infected in nature in Indian area 

A maculaius , A macidatus var uillmon , 
A fuhginosus , A pulchernmus , A macult- 
palpis , A pallidus , A lamsayi , A vagus 

b Infected expenmentally only m Indian area 
A theobaldi , A suhpicfus , A turkhudi 
c Found mfected in nature outside Indian area only 

A hyreanus , A barbirosfris , A karuari , 

A leucospliynis , A sergenti , A umbrosus , 

A iassellaius , A acomtus , A kochi 

“ The extremely common species A subpictus and A vagus 
appear to have httle or no relation to the incidence oi 
malaria ” 

Iyengar (1934) found five species of Anophcl^, viz , 

A geyporiensis var candidiensis ICoidz, A varuna Iyengar, 

A fluviaiihs James, A lisfoni (Liston), and A cuhcijacies 
Giles, mfected in nature in Travancore 
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234 Plasmodium cynomolgi Mayer (Pig 125 (PI II) ) 

PIaimodnt7n cynomolgi. Mayor, 1<)0S, pp 311—22, pi xni , Flu, 
1908, pp 323-30, pi xxn Blanchard <L Langeron, 1913, 
pp o2D-42, pis viii— IN. , pp o99— 007, pi n. , Castcllani & Chal- 
mers, 1910, p olo 

^Plasmodittm cynomolgi C*) DonoNnn, 1920, p 721 
Plasmodium cynomolgi, '^liih]on'<, 1021, -p 1012— 14, fig 32, Wen- 
'S on, 1920, p 069 

Plasmodium inui, Wcnvon, 1026 p 971 , Knowles, 1028, p 439 , 
Reiehenoss, 1929 p 1007, fig 903 
Plasmodium cynomolgi, Reichenow, 1929, pp 1007—8, fig 904 
Plasmodium inut {">), Green, 1031, pp 649-30, 1932, pp 455—77, 
7 figs. 

fPla-smodiuin I ochi (') (part), Kapier &, Campbell, 1932, pp 246-9 
\Vlasmodium sp (part), Knowles &. Das Gupta, 1932 pp 300—20, 
7 pis (5L 6 charts Sinton &, Mulligan, 1932, p 324 
fPlas^niodiitm inin Nar cynomolgi, Sinton <L Mulligan, 1932 cr, 
pp 300—405 

^Plasmodium cynomolgi, Smton, 1034 a, pp 48—50 , 1934 b, 

pp 302,399—400 , IMullignn, 1935, pp 2SS— 300, pi n,figs 1—35 
Plasmodium cynomolgi, Coatnev & Roudabush, 1936, p 339 

Young rings, 2-oijl in diameter, round or oval, vnth promi- 
nent chromatin dot and well-developed vacuole Tno or 
three rmgs sometimes seen in same red corpuscle , infested 
corpuscle usuallj’ unaltered , no stippling Growing forms 
often show marked amoeboid movement, resembhng that seen 
in P t ita-x Pigment scanty appears later, and is darker and 
coarser than in P mux , vacuolation, especiall 3 ' in large 
forms, not marked , infected red corpuscles appreciably 
enlarged and pale , stippling resembluig Schuffner's dots, 
conspicuous Sclnzonts common in peripheral blood , mature 
schizonts tMth eight to sixteen merozoites irregularly scattered , 
pigment ui small dense clump , infected red corpuscles with 
marked pallor and prominent stippling A minute accessory 
chromatin dot frequently seen in merozoites and young rmgs 
Schizogony cycle takes forty-eight hours to complete Game- 
tocytes mtra-corpusciilar or free, larger than the normal red 
corpuscle Female gametocytes round or oval , cytoplasm 
deep blue, chromatm small, compact, and eccentric , pigment 
not very abundant, and granules darker and coarser than m 
P xnxii Male gametocytes smaller, cjdjoplasra staimng 
less deeplv, chromatin central or peripheral, larger and less 
deeply staining than in the female gametocj'tes Sporogony 
cj cle m mosquitoes 

Pemarls — P nmi was described by Halbeistadter and 
Prowazek (1907) from monkeys (Macaca) from Borneo 
Mayer (1908) described P cynomolgi, which was generally 
considered as identical with P mm He (1908) could obtain 
no development in Cvlcx pipiens nor in Aedes (Stegomym) 
(Linn ) [= Aedes argenievsl , he observed small oocysts 
in Anopheles macnlipennis, but could not foUo^v the complete 
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development L€ger and Bomlliez (1913) inoculated the 
parasite into a number of monkeys, including Cercopitjieaus sp 
(the common host of P LocM), wth the result that many of 
them died of heavy infections Qumine, even m large doses, 
appeared to have no mfluence Donovan (1920) exammed 
a large number of specimens of Sileiivs simcus andi. Pygerythnis 
prmmtis {=:Preshyt%s priamus) m the Nilgm Hills, South India, 
l^ut iv7th negative results Subsequently he found a Plasmo- 
dium in a blood-film from a specimen of S simcus from the 
same region, vhich he considered as morphologically identical 
•with that found m 8 tnis (=31 cynomolgus) He also 
mentions having seen Plasmodium in several other apes 
and monkeys, but does not give anj’^ description or cite 
localities 

Francium (1927) found in Macacm cynomolqus a parasite 
vhich shoAved many resemblances vatli P malartsB Macfie 
(1928) found P mm in a young baboon in Africa Reichenoiv 
(1929) obserAmd that P mm does not show enlargement 
ol the corpuscles and Schuffner’s dots, vhilst P cynomolgi 
shov s these, but still came to the conclusion that these forms 
are probably identical 

Sinton and Mulhgan (1932), in a specimen of Silenus tniSj 
obtained an infection vhich later Avork shoAAed AA’as a mixed 
one They succeeded m isolatmg in 8 rhesus, by blood 
inoculation from the same naturally infected host, tAvo mor- 
phologically distinct tj'pes oi Plasmodium, A\hich they regard 
as P mm var cynomolgi and P hnoxdlesi They obtamed 
the sporogony cycle in a number of mosquitoes, and succeeded 
in transmittmg the infection to a healthy specimen of Silenus 
rhesus by the bites of mfccted A annularis Van der Wulp 
Napier and Campbell (1932) and ICnoAvles and Das Gupta 
(1932) also recorded a malarial infection in S irus, said to 
have been imported from SingapoYe Sinton and Mulhgan 
(1932 o) gave a critical reAueAv of the literature relatmg to 
malanal parasites in lower monkeys, and came to the com 
elusion that the majority of species of Plasmodium desenbed 
from the loAver monkeys fall into tAvo mam divisions, those 
found m the African monkeys (P kochi group) and those 
m the Oriental ones (P mm group) Accordmg to th^ the 
latter include P mui Halb & ProAvazek (sensu resir ), P inui 
var cynomolgi Mayer, P imu var gonderi, and P hmou^i, 
and the various previous records were arranged accoromg 
to this scheme Later on, Sinton (1934 a, 1934 b) ^d Mulhgan 
(1935) have come to the definite conclusion that P c^umoigi 
18 a distmot species and not a variety of P inui, as the dura lo 
of schizogony in the former is forty-eight hours an m 
latter seventy-tAvo hours 
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Habitat — ^Blood of Stlenits sintcus (Lmn ) Nilgins , blood of 
Silenm iru^ (Cuv ), said to have been imported from Smgapore, 
and m inoculation infections m S ints (Cnv ), S rhe^is 
(Audeb ), and S stmcus (Lmn ) , sporozoites m the salivary 
glands of Anopheles annularis Van der Wulp {—A fuhpinosxis 
Giles), A spUndidus Koidzumi {=A maculipalpis James & 
laston), A maculatus Theobald, and A cuhcifacies Giles 
Bekgal, Calcutta , Punjab. Kasauh 

235 Plasmodium inui Halberstadter & Provrazek (Eig 126 

(PI n) ) 

Pla^modttim tnut, Halberstadter & Prowazek, 1907, pp 37—43, 
pi VI, Castellam & Chalmers, 1919, p 515, MQhlens, 1921, 
p 1612, Wenyon, 1926, pp 971— 2, pi xv, figs 8—14, Knowles, 
1928, p 439 , Reichenow, 1929, pp 1007-8, fig 993 

Plasmodium \nui, sens restr, Sinton & Mulligan, 1933, pp 389— 
95 

\Plasmodium inui, Smton, 19345, pp 393-410, pis iti, i-v , Mnlligan, 
1935, p 310 

Plasmodium tnui, Coatney & Roudabush, 1936, p 339 

Young nngs about one-fifth to one-fourth diameter of m- 
fected red cell , marked vacuolated appearance, amoeboid 
movement of lobose nature Older trophozoites more rounded, 
mature forms do not fill infected red ceU Mature schizonts 
•with sixteen merozoites -which often form a rosette Chromatm 
relatively large, promment, and usually excentnc at all stages , 
may be divided mto two equal or unequal masses in young 
forms Pigment yellow to brown, becoming darker with, age , 
appears early , fine and abundant with peripheral distribution 
Infected red cells shghtly enlarged with older forms , stipphng 
less conspicuous, scantier than -with P cpnomolgi Duration 
of schizogony cycle seventy-two hours Gametocytes rounded, 
about the size of normal red ceUs, -with yello-wish-brown to 
brown pigment, scattered and abundant Female gametocyte 
■with cytoplasm stamed deep blue with Romanowsky’s stam, 
■with a small chromatm mass, and -with scattered and coarser 
pigment , when mature, larger than normal red corpuscle 
Male gametocyte ■with large loose chromatm mass and 
abundant sca-ttered pigment, lighter bro-wn than m the 
female 

Bemarks — Smton (1934 6) has come -to the conclusion that the 
dura-tion of schizogony is seventy-two hours, and not forty- 
eight hours as reported by Mulhgan (1935), to which paper he 
had access pnor to pubhcation 

Habitat — ^Blood of Silenua irus (Cuv ) from Malaya, and m 
moculation infections m S trus (Cuv ) and S rhesus (Audeb ) • 
Punjab Kasauh 
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236 Plasmodium Itnowlesi Smton & Mulligan (Fig 127 
(PI 11) ) 

Plasmodium sp , Franchini, 1927, pp 467—71, 2 figs 
Plasmodium kocin (?) (part), Napier Campbell, 1932, pp 246-9 
Plasmodium sp (part), Knowles & Das Gupta, 1032, pp 301-20, 
7 pis &, 6 chaits , Smton & Mulligan, 1932 a, p 324 
■^Plasmodium knowlesi, Smton & Mulligan, 1932 0, pp 379-80, 
409-21, pi figs 1-35 

Plasmodium knowlesi, Coatnoy & Koudabush, 1936, p 339 


Youngest rings closely resemble those of Laverama malarisa 
and measure one-fourth to one-half of the infected corpuscle 
Cytoplasm shoivs shght but definite thickemng on the side 
opposite the chromatin, and a well-developed vacuole 
Chromatin prominent, and occurs as a single round, oval or 
elongate mass or in two (rarely three) smaller masses One 
or, rarely, two minute accessory chromatin dots maj be 
piesont Older trophozoites rounded or only very slightly 
amoeboid, vacuole very mconspicuous or absent Mature 
schizonts of the same size, or smaller than the normal red 
corpuscles Number of merozoites commonly about ten 
Schizogony cycle takes twenty-four hours Pigment appears 
early, is relatively abundant, and granules are fairly coarse, 
varying from greenish-brown to almost black Infected 
red corpuscles not enlarged, but often show characteristic 
distortion, and stipplmg usually absent with ordmary stains 
Gametooytes sphencal, like those of P maUtnsi, about the 
size of normal red corpuscle, and with abundant coarse and 
dark pigment C^doplasm of the female gametocyte stams 
deep blue -mth Bomanowsky’s stain, and its chromatin is 
dense and compact, is usually situated penpherallj'-, and 
frequently shows a more deeply staiiung inner area , the 
pigment is scattered irregularly The male gametocyte 
stams poorly, and its chromatm is large and diffuse, appearing 
to merge into the cytoplasm Dark broivn or almost black 
granules of pigment occur in both the female and the male 
gametooytes Sporogony not knovn to take place in mos- 


^"^nlmarLs —Napier and Campbell (1932) found a Plasmoiimn 
in the blood of a specimen of Silemis ims in Calcutta, said 
to have been imported from Singapore Knowles and Das- 
Cupta (1932) described it in greater detail after inoculating 
jS rhesus vith the strain, in which host it multiphed enormous^ 
Smton and Mulligan (1932) came to the conclusion that tl^ 
original infection in S znis was a mixed one of Plasmcdit^ 
inm var cynomolgi and of P hnowlesi, and by moou a g 
8 rhesiLS an almost pure infection with P knowlesz 
result A large number of specimens of 8ihnns r?m^ 
from Northern India, examined by I^owles an 
(1932) as veil as by Smton and Mulligan, have not shown 
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any malanal infection, ■nliich suggests that this species of 
monkey rarely, if ever, suffers from natural infection -with 
malana m this region 

Knovrles and Das-Gupte (1932) -were also successful in 
infecting a man with a Plnsniodinm from the louer monkeys 
Habitat — In natural infections of blood of Silemis mis 
{Cuv ) believed to be imported from Singapore, and experi- 
mental infections of S rhestis (Audeb ) Bengal, Calcutta 


237 Plasmodium kochi Laveran (Fig 135 ) 

Hccmaniocba kochi, Laveran, 1809, p 124 
Plasmodium kochi, Leger &, Bouilhez, 1914, pp 954-85 
■\Plasmodtum kochi, Cast«llam & Chalmers, 1913, pp 387-8 , 
1919, p 515 

Plasmodium kochi, Muhlens, 1919, pp 1608-11, fig 31 
IjPlasmodtum kochi, Donovan, 1920, p 719 

Plasmodium kochi, Wonyon, 1926, p 971, pi xv, figs 22-8, 
ICnowles, 1928, p 439, fig 102, 11—12 , Reichenow, 1929, 
p 1006, fig 991 

^Plasmodium kochi, Smton &• Mulligan, 1933, p 424 
Plasmodium kochi, Coatnoy & Roudabush, 1936, p 339 


Resembles P vitaz Rmg-forms large The young rmgs 
occupy a smaller proportion of the corpuscle than in P viiax, 
but as grouth proceeds resemblance becomes marked The 
infected red blood-corpuscles become enlarged, parasite 
becomes irregular m shape, pigment granules are of a hght 
brown colour, and sometimes Schuffner’s dots may be found 



Fig 135 — Plasmodium kochi (Laveran) A, nng-fonn , B, schizont 
(From Reichenow, after Gonda and Berenberg-Gossler ) 


to occur Schizogony is completed m forty-eight hours 
Schizont produces eight to fourteen merozoites, and bears 
a stnkmg resemblance to that of P vivax (^ametocytes 
are large round bodies which can be distmgmshed as male 
and female, as m P vivax 

Remarks — ^The species is a common parasite of monkeys 
m tropical Africa, but shows httle sign of pathogemcity in 
natural infections or in moculated ammals Qonder and 
RodenwAldt (1910) noted, however, that if splenectomy is 
previousl'y performed infections are much more severe, 
temperature rises, and the parasites contmue in the blood 
for many months They were imahle to moculate the parasite 
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into man Further development could not be achieved m 
Anopheles macultpenms Meig or m Aedes (Stegomyia) eegyph 
(Lum ) [= Stegomyia fa8Giaia\ Castellam and Chalmers (1913) 
stated that illness and death may occur among the monkeys 
in Ceylon, due to a malarial parasite which they refer to 
P Lochi No description of the parasite is given, and according 
to Sinton and Mulligan (1932) this report needs confirmation 
Habitat — ^Blood of monkeys Ceylon , Gercopithecus sp ? 
Nilgiris 

238 Plasmodium pitheci Halberstadter & Prowazek (Fig 
136 ) 

'\Flasmodtitrn sp , Lavemn, 1905 (as noted in Wenyon, 1920, p 1363) 
Plasmodium ptiheci, Halberstader <L Prowazek, 1907, pp 37-43, 
pi vi, Shibayama, 1910, pp 189-91, 1 pi 
^Plasmodium pit/iect, IDonovan, 1920, p 719 
Plasmddium pitheci, Reichenow, 1920 c, pp 207-16, 1 pi , 
jVIuhlens, 1921, pp 1611-12 

'\Plasmodium pitheci, Donovan (first recorded in Wenyon, 1920, 
p 1363) 

Plasmodium pithcci Wenyon, 1926, p 972, pi xv, figs 29-36, 
Knowles, 1928, fig 102, 13, 14 , Reichonow, 1929, pp 1006-7, 
fig 992 , Coatney <5L Roudabush, 1936, p 340 

Young rings resemble those of Laverama malanie Fully 
developed trophozoite shows dark brown or black pigment 
Schufiner’s dots present Schizogony resembles that of 
P vivax Gametocytes resemble those of P malartee 
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Fig 13G — Plasmodium pitheci Ralb & Prow A, ring form, double 
infection , B, older ring , C, schizont , D, macrogamete , 
E, microgamotocj te (From Reichenow, after Halber 
stadter and Prowazok ) 

BemarLs — ^The parasite resemblesP tnvt, but is distinguished 
by its dark broivn or black pigment Slubayama (1910) states 
that Schuffner’s dots are not present, but Wenyon thinks 
that his staimng was not sufficiently mtense to show them 
Dodd (1913) recorded an infection of an orang-utang with this 
parasite, which proved fatal Reichenow considers it possible 
that what has been described as P pitheci may have been 
one of the human parasites s 

Habitat — ^Blood of orang-utang, Simta satyrus Desnmrest 
Asia (^ exact locahty — not given by Laveran) , an Indian 
menagerie {Donovan) 
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239 Plasmodium semnopitheci Blnowles (Fig 137 ) 

'\Plasmadiutn scrnnopttheci, Knowles, 1919, pp 195—202, pis xvi— 

XIX 

Plasmodium semtiopitheci, Muhlens, 1921, pp 1614—15 
■\Plasmodtum sp , Chimisso, 1922, pp 3S-54: 

Plasmodium semnopitheci, Wenyon, 1926, pp 972, 1363 
'\Plasmodtum semnopiihccus, Scott, 1926, p 237 , Klnowles, 1928, 
p 439 

Plasmodium semnopttheeus, Roichonow, 1929, p 1008 , Sinton & 
Mulligan, 1933, pp 382—6, 423-4 , Coatney & ^udabusli, 
1936, p 340 

Young trophozoite an almost non-pigmented nng Growing 
trophozoites large flimsy rmgs with very large vacuole, very 
abundant pigment, little amoeboid movement, and smgle, 
oval or rod-shaped chromatm mass Absence of segmentmg 
forms in the peripheral blood Decolonzation of infected 
red corpuscles frequently observed, but stipphng never seen 
Gametocytes rounded Female gametocytes often free, and 
larger than normal red corpuscles , chromatm small, deeply 
staimng, oval or much elongated , pigment very dark brown. 



Pig 137 — Plasmodium semnopitheci Knowles A, nng form , B, larger 
and more flimsy rmg , <7, extracellular form impinging 
against a coipuscle , D, gametoeyte (After EZnowIes ) 


very abundant, and m very fine granules or small dark collec- 
tions Male gametocytes smaller than female gametocytes, 
and with very large pmk nuclei 

RemarLs — ^Knowles (1919) discovered this parasite during 
an experiment conducted for the purpose of transmittmg the 
mahgnant tertian parasite of man to a monkey The shock 
of the operation and the mjection of foreign blood wrere beheved 
to have stimulated a latent infection of a species pecuhar 
to the host, which suddenly became virulent and proved fatal 
Nearly every corpuscle was found infected, and there were 
inumerable free forms, some of them undergomg schizogony 
whilst still extracellular Wenyon (1926) thinks this due 
to mtensity of infection and to exammation after death 
he considered the parasite to be very similar to P ^nul, and 
E-eichenow (1929) thought that it was probably identical with 
it Smton and Mulhgan (1932 a) consider it noteworthy 
that, except for Donovan’s undescnbed parasite, the only 
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natiiral malanal infections which have been reported from 
Indian monkeys, namely, by Knowles (1919), by Chimisso 
(1922), and by Scott (1926), all appear to be due to P semno- 
pifhec% 

Habitat — ^Blood of the entellus monkey or hanuman, 
Pygathrtx entdhis (Dufr ) {—Semnapithecus entellus) Assam , 
blood of Preshytes pileatus Blyth Ass4M, m the Zoological 
Gardens, London Also blood of Silenm rhesus (Audeb ) 
beheved to be from India, evamined in Italy 

240 Plasmodium bubalis Sheather (Fig 138 ) 

fP/as/j! 0 £it«»n buhalts, Sheather, 1919 a, pp 1—5, pis i, u , 1919 b, 
p 223 

Plasmodium bubalts, Muhlens, 1921, p 1616 
■\Plasmodmm bubalis, Edwards, 1925, p 50 

Plasmodium bubalts, Wonyon, 1926 pp 975-6, pi wi, figs 13—17 
Knowles, 1928, p 442 fig 102,jfo, 16, Roichenon, 1929, p 1009, 
CJoatnoy & Roudabush 1936 p 338 
'^Plasmodium bubalis, Tavlor, 1938, p 42 

Resembles P malarisa in many respects Smallest parasites 
round, oval or pynform , pigment has appeared m parasites 
Sfi m size Larger parasites, 6/z. m size, generally round, 

o 

A B C D E 

Fig 138 — Plasmodium bubahs Sheather A, j^oung trophozoite , 
S, double infection with two trophozoites , C, large 
trophozoite , D, schizont , E, merozoites escaping from the 
corpuscle (After Sheather ) 

sometimes oval, and possess a central vacuole Chromatin 
IS peripheral, smgle or double, and the pigment m the endo- 
plasm IS scattered or in clumps The larger parasites have 
a regular outline and cause a shght enlargement of the infected 
red blood-corpuscle Adult schizont completely fills the cor- 
puscle, produces seven to fourteen merozoites, and the pigment 
ts aggregated m a smgle clump Some of the large forms with 
a single nucleus are probably gametocytes, and many of them 
possess a vacuole 

Eemarls — Sheather (1919) found the parasite m a buffalo, 
which died after inoculations made for immunization purposes, 
and noted that there was a fairly heavy infection, 1 6 percent 
of the red corpuscles contairung the parasite Edwards 
(1925) noted the para^te agam 

Habitat — Blood of buffalo. Bos bubalus Linn , and of ox, 
Bos indicus Lmn United I^ovinces, Muktesar, Izatna^rar 
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241 Plasmodium canis Caatellam & Chalmers (Fig 139 ) 

■fPlasmodtum cants, Castollani & Chalmers, 1910 * 1919 t) 516 
figs 171, 172 > t' > 

PlasTnodium cants, MxihlenB, 1921, ip 1617, Wenyon, 1926, p 976, 
Knowles, 1928, p 442 , Reichonow, 1929, p 1009 , Cootnoy & 
Roudabtish, 1936, p 338 

Morphologically similar to P vivax Small round merozoite 
enters the red cell, and grows into a pigmented trophozoite, 
finally dividmg into a number of merozoites Schufiher’s 
dots are seen Female gametocyte has a small roimded 
nucleus Male gametocyte has a narrow elongated nucleus 
Infected red cells are enlarged 




Rig 139 — Plasmodtum cants Castellam & Chalmors A, young tropho 
zoito , B, full grown trophozoite , C, early schizont , 
D, mature schizont , E, fomalo gametocyte , P, mole 
gametocyte {After Castellam and Chalmers ) 

Remarks — Castellam and Chalmers (1910) desonbed this 
parasite from dogs in Colombo Castellam (1924) again 
refers to it, and states that he saw several cases of mfeotion 
m dogs in Colombo No other observer has seen the organism 
Wenyon (1926) obtamed blood-films from 600 panah dogs 
from Ceylon, but m none of them could the parasite be found 

Habitat — Blood of the dog. Cams familians Linn CeyIiON, 
Colombo 

242. Plasmodium equi Castellam & Chalmers 

XPlasmodtum equt, Castellam d- Chalmers, 1913 , 1919, p - 
Plasmodttnnequtf'WoTiyon, 192&,j> 976, Roichenow, 1929, p lOOU, 
Coatney & Roudabush, 1936, p 339 

Very similar to P vivax of man 

Remarks — Castellam and Chalmers gave no descnption, 
but simply stated that the species closely resembled P 
It has not been recorded since by any other observer 

Habitat — ^Blood of the horse, Equus cabaUns Lmn Cevxon 
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243 Plasmodium macMei de MeUo & de Sd (Fig 140 ) 

‘\Plasmodfum mackici, de Mello & do Sa, 1916, pp 736—7 pi Ikiv”, 

fjg C,l-10 

Plasmodium macJctet, "Wenyon 1926 p 1364 , Coatney & Rouda- 
b\i3h, 1936, p 339 


Young trophozoite of a baciliary form The schizont? ehow 
& precocious division of the chromatin, and always form six 
merozoites m the rosette Gametocytes spherical br ovoid 



Fig 140 — Plasmodium macktci de Mello & do Sa A, joung tropho- 
zoite , B, schizont , C, gariietocyte (Alfter de Mello and 
de S& ) 


Habitat — ^Blood of MyoUs muricola (Hodgs ) {==Vcsperttlto 
muncola) PoRTtrotrEsfi India, Arjuna (Barddz), Santa Cruz 


244 Plasmodium narayani de Mello «fc Dias (Fig 141 ) 

fPlasrnodium narayani, de Mello & Dias, 1936, pp 212—13, pi ni 


Young trophozoite has an annular form, with its cytoplasm 
more or less thm or more or less compact Sometimes two 
“ rings ” occur m the same red blood-corpuscle Parasite 
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Fig 141 — Plasmodium namyani de Mello A Dias A, flimsj “ ring ” , 
JS, compact “ ring ” , C, two “ rings ” in the same corpuscle , 
D, full grown trophozoite , E, ‘ rosette ’ shots mg schizo- 
gony , P, female gametocvto (After de Mello and Dias ) 

not seen m the hvnig condition, but inferred to be strongly 
amceboid, as many aberrant forms, such as fusiform crescentic 
or triangular, w'ere met vitii Young schizont occupies 
one-sixth to one fifth of the red cell, and sometimes shows one 
or two granules of almost black pigment Full-grown schizont 
round, with many granules of pigment, some of them rod- 
shaped, filhng the cytoplasm Chromatm lodged m a clear, 
vacuolated zone, in contrast with the cytoplasm which is 



292 


SPOSOZOA- 


more compact Very rarely « rosettes," ynth. merozoite: 
found m th? lung-smears Female gametot^e oval, -srith a 
compact ovalTiucIeus situated m the middle and some granulea 
and rods of pigment irregularly scattered m the surrounduiE 
area Male gametocytes not found Infected red ^ 
fcometoes dehmmoglohmized, somewhat enlarged , but does 
not snow dots of any kind 

The parasites were very scanty and were fonnd 
m the blood and lung-smears only 

Habitat —Blood and smears from the lung of the fish-otter, 
Jjuira Ivtra Linn . PoR'ruGtrESE Ikdia, Nagoa 

245 Plasmodium pteropi Breml (Fig ) 

Pla^odvum Jjteropi, Breml. 1912 . Johnston. 1913, n 35, figs , 
A. A 51 LiS^er, 1914, pp 399-401 

1914. pp 375-6, pi xlvu, Wenton, 
1926, p 9(4, pi yvi,flgs 8-12, p 1362 
Plasrru^ium pUropi, Knowles, 1928, p 442, Eeicheno^r, 1929, 
p X009 , Coatney & Roudabnsh, 1936, p 340 

Resembles P vxvax of man Tropbozoites rmg-sbaped, 
fibowing a circular form when fuD grown Pigment light 




Fig 142 — Plasnnodtum pieropt Breml A, rmgform, B, trophozoite, 
C, gametocyte (After 5Iackie ) 


brown Immature scfaizonts and gametocytes also observed 
Infected red blood- corpuscles may be sbghtly enlarged 
Sporogony not known 

Remarks — ^Breml (1912) described P fAeropi from the blood 
of a flying fox, Pteropus gouldi Peters, in West Australia 
Johnston (1913) and A.&'bL L^ger (1914) descnbed P pfcropi 
as a new species Mackie (1914) also descnbed a very similar 
form from Pteropus medvus Temm (—Pteropus ^imrdsti 
Horsfield), and gave it the naD ,3 P- pteropi without knowing 
that Breml had already given the name to the West Anstralian 
form According to Wenyon the two are probably identical 
The parasite was also seen in the blood of the flying fox m 
Ceylon, and Wenyon (1926) has drawn the figures from these 
films 

Hobdat — Blood of the flying fox, Pteropus tnedius Temm 
=P edv.ardsii Horsfield) India , Cevxok- 



PLASMODIUM 


293 


246 Plasmodiam ratufsB Donovan 

'\PIa'!modntrn rattifai, Donovnn, 1920, pp 719-20 
Plasmodium ratufsc,WonyoTi,lQ2G,-p 974, Knowlos, 1928, p 442, 
Ecichenow, 1929, p 1009 

Very Similar to P wi.oa:ofman Gametoc 3 rfces predominated, 
and m a feir films the female gametocytes exceeded m number 
the male forms 

Bemarls — The species is similar to, if not identical -mth, 
P va^salt (Laveran, 1905), the parasite first found by Vassal 
m Scturus gn^einantis m Annam 

Habitat — Blood of the giant squirrel, Ratufa indica 
Erxleben Bombay, Malabar 

247 Plasmodium tyno de Mello, Fernandes, Correa, & Lobo 

(Fig 143) 

tyrio, do 3Iollo, Fomandcs, Correa, & Lobo, 1928, 
pp 513-16, figs 1—28 

Plasviodtum tyno, Coatnej A. Roudabush, 2936, p 340 

Young trophozoites usually circular or oval, very regular , 
aberrant or fusiform forms very rare Rmg-forms show a 



E F G H 

Fig 143 — Plasmodium tyno do MoUo, Fernandes, Correa, & iKibo 
A, B, ring forms , <7, D, rosette forms , E, F, male gameto- 
cytes , G, H, female gametes (After de Mello, Fernandes, 
Correa, and Lobo ) 

precocious division of the nucleus mto two or three granular 
masses umted together Schizonts irregular m form, resemble 
those of P vivaa:, and even when fully developed do not 
cover the entire area of the corpuscle Large black pigment 
granules appear irregularly m the cytoplasm of the parasite 
Schizogony takes place m the peripheral blood The number 
of merozoites vanes from four to eight Gametocytes sphencal 
or ovoid Male gametocytes almost devoid of pigment , 
when the pigment is present, it is m the form of fine dark 
granules dispersed round the nucleus Female gametocytes 



294 


SPOROZOA 


have a more deeply sta in i n g cytoplasm, smaller nucleus, and 
large black granules of pigment 
Dimensions — Schizonts 15-4 5/u. by 1-2^, gametocytes, 
male 3-4 5p, by 2 2-5 jx, female 3~4/z by 2-2 5fi 

Habitat — Peripheral blood, as also smears from lungs 
and hver of the ant-eater. Manes ■pentadactyla Linn (popularly 
known m Goa as the “ TyTio ”) ' Portuguese India, Nova 
Goa 

3 Family THEILERIID^ du Toit, 1918 

Parasites of blood of Mammals, which do not form pigment 
(haemozom) Schizogony takes place m the endothelial cells 
of the capiUanes of the internal oigans, and the schizonts 
(Koch’s “blue bodies”) produce a number of inerozoites The 
parasites finally invade the red corpuscles, within vhich they 
occur as round, ovoid, rod-hke or irregular forms Shou no 
tendency towards a paired arrangement The forms m the 
red corpuscles do not reproduce, and are possibly gametocytes 
The family includes the genus Theileria, the best-knoim 
species of which, T parva, causes the East Coast fever of cattle 
m Afiica and elsewhere Species of Theilerxa have also been 
recorded from sheep and goats in other countnes Du Toit 
(1918) recognizes Rangelia Caruu & Maciel (1914) as a distinct 
genus, but Wenyon (1926) has advanced convmcmg reasons 
for mergmg the two genera into one 

Memarls — ^There is no teneral agreement as regards the 
position of this family and the foUowmg one m the system 
of classification Wenyon (1926) places the two famihes 
Theileriidse and Babesud® m a suborder PmoPLASinDEA The 
suborder mcludes parasites w^hich inhabit red blood-corpuscles 
of Mammals, but do not form pigment (h^mozom) In 
films stamed with Romanov sky’s stain each parasite consists 
of a blue-staimng cytoplasm and a red-staming nucleus, 
the latter generally consistmg of a granule of eliromatm 
with a string of finer granules extending from it If a vacuole 
is present it becomes difficult to distmguish the form from 
the young ring-form of a malarial parasite The organisms 
mcludcd in the suborder reproduce bj^ di\usion mto tvo or 
■bur individuals only 

P Reichenov (1929) places the family Theilenidie under 
Hasmospobidia and the family Babesndro as an appendix 
to the same In his latest Avork (1935) he places both the 
famihes in an appendix after the Haemospobidia, and remarks 
that the life-cycle of the Theilernd®, so far as is knovu, 
shows points of agreement Avith the typical HAEMOSPomDiA 
but the plan of deyelopment of the Babesiid® is quite di^ront 
from the Telospobidia In this aawIc I have included the 
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I&EBOPIASMIDEA tinder H-SMOSPORIDIA on grounds of practical 
convenience, and have divided the order into four fatnihes 
(see p 209) 

The tvro famihes, Theilerudae and BabesiidEe stand in much 
the same relationship to one another as HsemoproteidaB to 
Plasmodudse 


Genus THEHiERIA Bettencourt, iPranca, & Borges, 1907 

Piroplasma (part), Stephens & Christophers, 1903 b, pp 335—6 , 
Thoiior, 1904, pp 1—20 

Thcxlena, Bettencourt, Franca, & Borges, 1907, pp 341—9 , Nuttall, 
Fantham, A, Porter, 1909, pp 325—40, Gonder, 1910 a, pp 143— 
64 , 1910 6, pp 49-52 , 1911 o, pp 222-31 , 1911 b, pp 170-8 , 
Mmchin, 1912, pp 379-80, 382, NuttaU, 1913, pp 302-20, 
Hegner & Tahaferro, 1924, p 305, Wonyon, 1926, pp 992,1029- 
39 , Knowles, 1928, pp 457—9 , Beichenow, 1929 pp 1022—7 , 
Kudo, 1931, p 289 , Calkins, 1933, p 566 , Reichenow, 1935, 
p 377 

With the characters of the family 

Bertiarks — ^It is not easy to decide nhether a particular 
form met with m the blood is a Theilena or a Babesia In the 
former, schizogony takes place in the endothehal cells of the 
capillaries of the mtemal organs and forms produced there 
enter the red corpuscles and are seen in the peripheral blood 
Unlike Babesia, they do not multiply m the red corpuscles 
The blood is cons'equently not infective when inoculated to 
healthy annuals imless endothelial cells containing schizonts 
happen to be present 

248 Theileria parva (Theiler) (Fig 144 ) 

Piroplasma btgemina, a stage of, Koch, 1898 
Piroplasma Kochi, Stephens & Christophers, 1903 b, pp 335-8, 
fig 75 

Piroplasma panntnt, Thoiler, 1904 
'\Ptroplasma parxntm, Luigard, 1907, p 274, pi vii, fig 1, 8 
TheiUna pana, Bettencourt, Franca & Borges, 1907, pp 341-9, 
pis x\n, xviu, Nuttall, Fantham & Porter, 1909, pp 325-40 
'fPiroplasma pannim, Gaiger, 1910, p 66 

r/iet/eno parra, Gonder, 1910 a, pp 143-64, 1910 6, pp 49—52, 
19ll a, pp 222—31 , 1911 6, pp 170-8 , Slinchin, 1912, p 382 , 
Nuttall, 1913, pp 302— 20, CastellBni& Chalmers, 1919,pp 498—9, 
fig 164 , Hegner & Taliaferro, 1924, p 305 , Saoeghem, 
1923, pp 651—60 , Wenyon, 1926, pp 1029—34, fig 428 , 
Sergont, Donation, Parrot, Lestoquard, & Plantureax, 1926, 
p 1362, 1927 0 , pp 489-506, 3 figs , 1927 6, pp 721-84, 
23 figs , 1927 c, pp 161-87, 5 figs , Knowles, 1928, p 457, 
figs 106, 107 , Reichenow, 1929, pp 1032-4, figs 1007—11 , 
Kudo, 1931, p. 289, fig 122, i , du Toit, 1931, pp 547-8 , 
Reichenow, 1935, p 377 

The Cycle in Cattle — The sporozoites injected by the tick 
collect in the spleen, lymphatic glands, and other organs, 
penetrate the endothehal cells of the capillaries, grow rapidly. 
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and form large multmucleate masses or schizonts (Koch’s 
blue bodies ) They may be discovered by puncture of the 

® ^ stamed by Romanowsky’s 

stam, they Mill be seen as blue masses of cytoplasm Mitli 
a varying number of red chromatm dots In films they may 
^ endothelial cells or free, but in sections tho\ 
are always intracellular About fourteen days after infection 
and simultaneously with the attack of fever, the schizonts 
^y be recognized as of two kmds, some contammg a smaller 
number of larger nuclei and others contaimng a larger number 



Fjg 144 — Tlie^lerta parva (Theiler) A—D, stages m the red blood 
corpuscles , E, free schizont , jf, intracellular schizont 
which gives rise to morozoites , Q, free gamotocyto pro 
ducmg body , H, intracellular gametooyte producing 
hody , J, young gametocytes in a blood corpuscle , J , ripo 
nuofogamete , K, ripe macrogamote , L, zygote , M, ooki 
nete , E , multiplication cysts in the salivary glands of 
the tick , O, free sporozoites (From Roichonow , A—D after 
Theiler’s preparations , E-O, after Gonder ) 


of smaller nuclei The former break up into a number of 
min ute bodies (merozoites), which enter other cells, grow, 
and reproduce by schizogony The latter give rise to gamcto 
cytes which enter the blood and penetrate the red corpuscles 
These forms in the blood are very small, ring-, comma-, pew- 
shaped or rod-Iike , m the latter the nucleus lies at one end 
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Sometimes cross-shaped forms are met with, but these are 
regarded as aggregates of four parasites, and not fission 
stages The forms in the blood do not multiply by fission, 
and are consequently assumed to be gametocytes They 
grow mto adult gametocytes of two kmds — male gametocytes, 
which are long, slender, “ bacillary ’ forms, and female 
gametocj'tes, which are plump, rounded or pear-shaped forms 
The gametocytes can only develop further in the tick, 
Rhipicephalus 

Dimensions — Scliizonts 3-10|ti, m size , gametocytes, rod- 
like forms 2 5p, m length by 1 2/1 

The Cycle in the Tick — In the gut of the tick the gametocytes 
leave the red corpuscles and develop mto gametes The 
macrogamete is stationary’, whilst the microgamete is motile, 
seeks out the macrogamete, and is said to unite with it, 
forming the zygote The latter develops mto a worm-hke 
ookmete, and no further development is knowm to take place 
till after the moultmg of the tick After the moulting of the 
tick, large cyst-hke structures contauung numerous nuclei 
are met wath m the sahvary glands Each cyst develops 
a number of sporoblasts, and numerous very small sporozoites 
are ultimately set fi-ee, which are mtroduced mto the cattle 
when the tick again sucks the blood 

Remarks — ^The orgamsm produces a serious disease of cattle, 
known as East Coast fever, in various parts of Africa It has 
also been mel with m Transcaucasia, Macedoma, and India 
The disease differs from that caused by Babesia bigemina m 
that hsemoglobmuna, jaundice, and progressive ansemia are 
absent Theiler (1904) demonslrated that East Coast fever 
was a distinct disease, and that cattle w’hich had recovered 
from hremoglobmunc fever due to Babesia were not immune 
to it He also found that the disease could not be transmitted 
by moculation of infected blood mto a healthy animal This 
ivas explamed as being due to the fact that the blood-forms 
do not multiply Experiments by Ed Sergent and his co- 
w orkers (1926) have, how ever, showm that this new’ is mcorrect, 
though, as Wenyon (1926) remarks, the occasional positive 
results obtamed by blood inoculations of healthy animals may 
he due to the presence of endothehal cells in the peripheral blood 

The blood-forms w’ere carefully described by Nuttall, 
Fantham, and Porter (1909) in artificial mfections of ammals 
m England by means of ticks, Rhipicephalus everfsi, imported 
from South Africa , and also by Nuttall (1913) The Iife- 
history was studied by Gondcr (1910, 19110, 19116), whose 
account has been followed above, but certain pomts lack 
confirmation 

Lmgard (1907) and Gaiger (1910) recorded this species 
from India, but no one seems to have seen it since 

Habitat — ^Blood of ox. Bos (aurus Linn (*) Ikdia 
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249 Theileria mutans (Theiler) (Fig. 146 ) 

Ptrop^cmw* ♦nwtons, Tlieilor, 1906, pp 292-300, 1909, pp IfS-SS 

^Ptroplamna mutans, Gaiger, 1910, p 60 , Baldrey, 1911, p 509 
Ptroplasma mutans, Theiler, 1911, pp 202-3 
Bahema mutans, Mmchin, 1912, pp 380, 382 
Qonderta mutans, du Toif, 1918, p 86, fig 8 
Thetlena mutans, Castellam & Chalmers, 1919, p 499 , Bnimpt, 

1923, pp 16-63, pis 1 , u , Volu, 1923, pp 64-64, 6 figs , Doylo, 

1924, pp 18-27 

^Theileria mutans, Edwards, 1926, pp 48-9 , 1926, p 43 , Cooper, 
1920 o,pp 96-7, 1926 6, pp 315— 16, pi xVni, hg 2 
Babesia mutans, Wetiyon, 1926, pp 1001-2, 1036, fig 413 
Knowles, 1928, pp 461, 463, fig 100 
Theileria mutans, Koichohow, 1929, p 1025, fig 1012 , Du Toit, 
1931, pp 651-2 

•^Thetlata mutans. Cooper, 1931, pi i, figs 2, 3 , Achar, 1935, p 9 
Theileria mutans, Koichonow, 1936, p 377 

Blood-forms and schizonts very similar to those of T parva 
The blood-forms are exceedmgly mmute, comma shaped, 
baoilliform or eocoal , dumbbell-shaped, rmg or even cross- 
shaped forms occur, the largest not exceedmg 1 /x m diameter 
Scluzonts very similar to Koch’s “.blue bodies”, they are 
larger than those of T parva, and the nuclei tend to be ovoid 



A BCD 


Fig 146 — Theileria mutans (Theiler) , X c 4000 ) A-D, different 
forms m the blood corpuscles (From Wonyon, after 
Condor ) 

and not spherical as m the latter They occur in small 
numbers in the mternal organs as well as in the penpheral 
blood 

Transmission occurs by ticks ot the genus Ehiptcephalvs , 
ticks fed at the nymphal stage transmitted the infection when 
feedmg as adults 

Remarks — Compared ivith T parva, T mutans is a benign 
parasite The infections are mild m character, and the 
parasite does not cause haemoglobmuria, though it may 
cause a certain amount of anaemia Theiler (1906) shoved that 
inoculation of mfected blood readily conveys infection to 
healthy ammals, and this was regarded as the chief distinction 
between T parva and T mutans, so much so that cross-forms 
which occur in both species were differently mtorpreted, 
in T, parva as being due to aggregation of four parasites, ana 
m T mutans as bmary fission, and the latter organism was then 
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referred to Babesia Brumpt (1923) showed that usually the 
infections are mild and the schizonts are not apparent, but m 
mtense infections they occur in large numbers in the internal 
organs as well as m peripheral blood This was confirmed 
by Velu (1923), Doyle (1924), and Edwards (1925) Ed 
Sergent and his co-workers (1924) disagreed with Brumpt, 
and stated that T mntans never produces schizonts, but later 
(1928) found a few of them T mutans and T parva cannot be 
differentiated morphologically, andBrumpt (1924) differentiates 
them biologically as follows — 

Non-pathogemc, transmissible by direct blood moculation, 
persistence of parasites m the blood for long periods 
(no immunity) . T mutans 

Highly pathogemc, not transmissible by direct blood mocu- 
lation, no persistence of parasites after recovery (com- 
plete immunity) . , T parva 

Du Toit (1931) recommends the provisional recogmtion of 
four species of Theileria in cattle, viz , T parva, T dispar, 
T annulata, and T mutans, and these show a gradual transition 
from the most virulent T parva to the avirulent T mutans 

Cooper (1926 o) remarked that T mutans vas almost 
universally present m Indian cattle, and showed the occurrence 
of Koch’s “ blue bodies ” m this speeies Datta (1938) has 
foimd thao the parasite multiples m the lymphoid tissue 
generally, mcludmg that of glands, spleen, etc 

Habitat — ^Blood of bulls. Bos indicus Lmn (^), used for 
Rmderpest hj’per-immumsation Potijab , Uktted Pro- 
vinces, Muktesar , Mysore, Bangalore 

250 Theileria sp 

'\Theileria sp , “ types A & B,” Sen & Snni\asan, 1917 pp 15—37, 
pi ^u 

Usually roimd or shghtly oval forms, havmg the appearance 
of signet-rmgs, and unifonnly 1— 2/x. m diameter Stamed 
with Giemsa’s or Leishman’s stam, the cytoplasm takes a pale 
blue colour , the chromatm stams well, two chromatm spots 
bemg sometimes connected together Koch’s “ blue bodies ” 
present 

Remarhs — Sen and Snmvasan (1937) studied Theileriasis 
of cattle m a large number of Indian hill bulls artificially 
infected with a stram isolated from a fatal case at Muktesar 
They came to the conclusion that m the present state of our 
knowledge it is inlpossible to rely on any morphological 
features as an mdication of the extent of the pathogemcity 
of the orgamsm Acoordmg to them, the diagnosis of the 
species of Theileria would appear to depend on the quantitative 
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combination of a number of morphological and cbm cal features 
They consider the forms studied bj’- them to be tu o types of 
a new species and give their differential characters alongside 
those given m du Toit’s table of previousl3' known species 
The exaimnation of blood taken at the first rise of temperature 
frequenth’ reveals tlie presence of few parasites and Koch's 
“ blue bodies ” or both, but, as the disease advances the 
parasites rapidlv increase m number and may eventually mvade 
00 to 100 per cent of the red blood-corpuscles, although 
Koch s “ blue bodies ’ may ^aiy’ m number from “ rare ’ to 

numerous ” 

Sen and Srinivasan also came to tlie conclusion that the 
infection m imported Friesian bulls is exotic m ongin, being 
probabK acquired hy the animals during the course of tfaew 
'oyago to India, and the parasite concerned is TheUeria 
anmdata 

Hahtiaf — Blood of Indian hill bulls, Bas indicus Tann 
U:siTED Pkovikces, jMuktesar 

231 Theileria cellii (Ca^ttellam & Chalmers) 

"fBabcjfia celhi. Castollnni& Cholmcro, injO 
T/icilcrta eclhi CAsiollcn* A Chalucr?, 1919, p 500 
Bahr^ta celhi, t%cn 5 on, 1920, p 1027 

Bacillarj* and pear-shaped forms, l^ung side by side in the 
red blood- corpuscles Development not imomi 

Banarl^ — ^TIus form was originalh* described as Babesia 
ccUii hy Casteliam and Chalmers hut in the third edition of 
their nork tiiev substituted the name ThaUria celht without 
giving anv further details It is b\’ no means clear from the 
original descnption uliether the form should be referred to 
Babam or to Thtxlcna 

Habjfaf — Blood of J/acacus jnhaius (Shaw) Cevlox 

232 Theilena hirci Dschimkovskj' <k Urodschevich (Fig 146) 

Thcilena him, Dstfujnko\sk-\ iL Urod^chcMcb, 1924, pp lOS-10, 
fig A 1-24, \\omon 1026, pp 103G-S, fig 430, Keiclienow, 
1920, p 1020, Thom=;on A, Hall 1933, p 22S 
Thcilcrm OHS Lcstoquard, 1924 pp 122-b, 15 figs 
tTlicitcrifi Fdii arils 1926, p 43 
T/ierfcria oits dt* Toil 1931, p 556 

fPiroplaypia latjlon, Sarnai, 1935, pp 172-5 pis vi, via, 
Thcxlcria hircx, Roiclitnow, 1935, p 378 IBhatia, 1936 pp lol"4 

Parasites mosth* small and vanable m shape, some being 
distinctly ring-shaped, others bacillarv or nail-hke, oval or 
pynform , occurring singly , in twos or, rarelj*, in threes m the 
centre of the red blood-co^uscle Gross-hke forms also occur, 
each member being pjwiform Extracellular forms, similar 
to Koch’s “ blue bodies,” encountered in peripheral ' 

were round or oval, at times as large or larger than a blood- 
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corpuscle, and contained chromatin granules of varying size 
and shape Internal organs of host contain the schizonts 
Eemarls — Sarwar (1935) descnbed a form from a goat m 
the Punjab m which the parasites were mostly ovoid or round, 
pear-shaped forms bemg rare Smgle parasites found m 
a corpuscle measured 2/i by 1 5/z Although smgle parasites 
were frequently seen, it was not uncommon to &id two, 
four, eight or sixteen mdividuals m one red cell He also 
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Fig 146 — TAct/eno Atrct Dsch &ITrod A— S, intra-corpnBCular forms , 
F-O, e-ctra-corpuBoular bodies showing multiple division 
(After Sarwar ) 


fotmd extracellular terms showmg multiple division, but did 
not regard them as Koch’s “ blue bodies,” nor did he find 
them m the mtemal organs of the host He named the form 
Piroplasma taylori I (1936) thought that the form descnbed 
hj’^ Sarwar was identical with T Jiirci Dsch & Urod , 1924 * 
Habitat — ^Blood of goat, Gapra hircvs Linn United 
Provinces, Muktesar , Punjab, Malwale (Sheikhupura) 


4 Family BABESIID^ Poclie, 1913. 

Non-pigmented parasites of the red blood-corpuscles of 
Mammals, which multiply m the corpuscle by division mto 
two or four They are of vaiymg size and shape, and usually 
arrange themselves m pairs of pear-shaped mdividuals The 
forms m the corpuscles are mdividuals reproducmg asexually, 
hut probably some are gametocytes 

Remarks — ^Franca (1917, 1918) gave a detailed classification 
of the family and recognized a number of genera His classi- 
fication was modified by du Toit (1918), who recogmzed six 
genera, viz , Babesia Starcovici, Nicolha NuttaU, N-uttalha 
Franca, Smtihui Franca, Rosstella NuttaU, and Gonderia 
du Toit Wenyon (1926), Reichenow (1929), and many other 

• Through his courtesy I have now examined his preparations, and 
the extra-corpuscul&r bodies (fig 146, F, G) m the peripheral blood 
which Imterpreted as Koch’s “blue bodies ’’ cannot be regarded as such 
So his form ought to be transferred to Babesia and known os B taylori 
(Sarwar) 
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WJitorSi place all tile species in a single genus, Babesm, uith the 
characters of the family Ynlamoft (1931) retains the generto 
name Ptropla^nm and divides the genus into two subgenera, 
Ptroplasvi-a s str and BabcsicUa Sometimes as many ns 
a dozen or more of these parasites occur together m a mammaliMi 
red corpusole Thej’- produce no pigment, but destroy the 
corpuscle m ivhich they are contamed and sot free the hmmo 
globin, which is then ovoreted bj’’ the kidnej^ of the host 
Hence 4i characteristic symptom of the diseases produced 
by these parasites, generally termed " piroplasraoses ” (or 
babesioses ”), is a great reduction of the corpuscles and 
a red coloration of the unno (hannoglobmuria or " red-ivater ”) 


Giomis BABESIA Starcovioi, 1893 
(Spn PmopiiASMA Patton, 1895 ) 


Jlmmaiococcus (non Agardh, 1828), Bnbos, 1888, p 092, 1S%, 
pp 800, 975 , 1891. p 81 , 1892 p 369 

Bab6sta, St-arcovici, 1893, pp 1—8 

Pyrosoma {non P6ron, 1804), Simtli & Ivilbomo, 1893, p C7 

Babesia, Ivroguis & Vnn HoHons, 1894, pp 353-64, Snii Felice A 
Loi, 1806. pp 295-G 

Apioioma (non Blanchard, 1885), Wandollock, 1895, pp 554-C. 

Pxroplasma, Patton, 1896, p 498, LablxS, 1899, p 124 

Babesia, LabbtS, 1899, p 126 

Ptroplasma, Lavoran, 1901, pp 386-8 , Muiolun, 1003, pp 264, 265, 
266, 209. 309 

Babesia, Mmclun, 1903, p 269 

Ptropto???Ki, Lingard & Jennings, 190 i, pp 101-6, RnjTnond, 1904, 
p 272 , Stophona <& Christophers, 1904, pp 332-7 , Thoiler, 
1904, pp 401-5, 1906 a, pp 283-92, 1906 6, pp 292-300, 
1907, pp 1-18, Droyor, 1910, pp 37-46, Nuttall & Strickland, 
1910, pp 624-6 , 1912, pp 05-06 

Babesia, Mmchm, 1912, pp 379-86 

PiropJasnia, du Toit, 1918, pp 84-104 , Cnstellani A ClialrooiM, 
1919, pp 492-8 

Babesia, Wonyon, 1920, pp 992—1028, Cooper, 1920 a, pp 314-1*', 
IvnOAvlos, 1928, pp 445-67 ^ Roiolionoir, 1929, pp 1032-40 

PtropJasma, Ynltimoff, 1931, pp 372-400 

Babesia, Kudo, 1931, p 289 , Calk) ns, 1933, p 666, Eoichenow, 
1936, p 378 


Intra-corpusoular parasites, without pigment I^Tiiorni 
(lancet-shaped), mostly in pairs, ring-shaped or elhptical 
The genus moludes parasites from dogs, cattle, pigs, sheep, 
horses, rats, mongooses, monkeys, etc , winch are transnutfccn 
by ticks , 

JRcmarLs — Species belonging to this genus have been cie- 
sonbed m India or Ceylon from dogs, jackals, ^ 

goats, mongooses, monkeys, etc Baymond (100^ 
first to drau attention to the presence of indigenous Btropwi' 
in Boinnes in India m 1898 Lingnrd and Joiuimgs (1 
described and figured specimens of Piroplasnm ^ J 
number of Indian ammals and refeired tliem all to a smgw 
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species, Ptroplasma troptcus, instead of to several previously 
described species, such as P btgemmum, P cams, P bovis, 
P ovis, etc Yakimoff (1931), after reviewing the previous 
classifications of Piroplasma, divides the genus into two 
Bubgenera, as follows — 

(1) Of typical pynform shape, often in pairs Length 
of pynform organisms greater than the radius of the erythro- 
cyte Situation m the corpuscle central Pynform mdi- 
viduals of a pair form an acute angle Number of chromatm 
masses m budding pear-shaped forms not less than two 
Pear-shaped forms more numerous than the round forms 
Trypan blue effective Species included are P bigeminum, 
P cdballi, P cams, P motasi [=P owia] Subgenus Piro- 
plasma s str 

(2) Form pear-shaped (lancet-shaped), annular or elhptical 
Len^h of the pear-shaped forms smaller than or equal to the 
radius of the erythrocyte Situation m corpuscle peripheral 
or central Pynform mdividuals of a pair form an obtuse 
angle In the pear-shaped forms there is a single chromatm 
mass Round forms predommate over the pear-shaped ones 
Trypan blue may or may not be effective Subgenus 
Babesxella Mesml, 1919 

The subgenus Babestella is further subdivided mto species 
groups as follows — 

Group 1 BabesxcUa s str Form smaller than the radius 
of the erythrocyte , situation peripheral , trypan blue 
effective B bovis 

Group 2 Fran^tclla Form smaller than or equal to 
the radius , situation central , trjfpan blue not effective 

(os) Form equal to radius F colchica, F major 
(6) Form less than the radius F argenhna,F berbera, 

F caxccasica, F occidentalw 

This scheme is convement for diagnostic purposes, but 
obviously the names Babestella and Fran^iella cannot be used 
m a generic sense 

253 Babesia bigemma (Smith & Kilbome) (Fig 147 ) 

Pyrosoma higemmuin, Smith & Kilborne, 1893 a, p 67 , 1893 6, 
p 611, fig 1 , Starco\noi, 1S93, pp 1—8 
Ptroplasma biyemxnum, Labb6, 1899, p 194, fig 195 , Minchm. 

1903, pp 242, 262, 269, 338, 360 
tPtrop?asma higeminum, Lmgard, 1903 

tPiropra-smo sp (probablj btgemtnum), Donovan, 1903, p 1401 
tPtropfnsmn 6otns, Stephens & Christophers, 1904, pp 333—4, 
pi 111 

\Ptroplaama btgemtnum. Holmes, 1904, pp 317-26, 1 pi , Lmgard 
& Jennmgs. 1904, pp 161-5, pi i, figs 4,5, 1907, pi vu, fig G,3 
Ptroplasma boms, Nuttall & Graham Smith, 1908, pp 138-9, 
diagram u 
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■\Piroplasnm_biriennnu7n, Gaiger, 1910, p G6 , Baldroy, 1910, 

■fPiiopUf^ina [Biibeaia) btgemtnum, Edwards, 1925, pp 48-9 
Pirojfla'^iria biqcminum.Mmchm, lQ12,p 379, fig 160, pp 384-5 
fig ]bJ Cnstellam & Chalmora, 1910, p 497, VqIu, 1922’ 
pp 133-4 ), fig 21, Hegnor & Tabaforro 1924, p 304 ’ ' 

fP^roplawna bigeminum. Cooper, 1926 o, p 90, 1926 b, pp 314- 
15, pi xvm fig 1 

Babcsta bigemwa, Wenyon, 1926, pp 993-8, figs 408, 410 A-J 
pi ^viii figs 6-10, Knowles, 1928, p 451, figs 105, 108 ’ 
Rcichcnow, 1929, pp 1034-5, fig 1019, Dennis, 1930, pp 179- 
92, 2 pis , Kudo, 1931, p 289, fig 122, g 
fRnbesia htgcmxua. Cooper, 1931, pi i, fig 1 , Ware, 1933, p 31. 
Ray, 1038, p 265 


Largest of the knoAvn Piroplaams of cattle Hound, oval 
or irregular, or pvriform and occurring m pairs, individuals 
of the pair lying close together the pear-shaped forms 
extend across tlie diameter of the red corpuscle, which m cattle 
measures from 5 to Gfi Occasionally four pear-shaped forms 
are arranged in a fan-Iike manner Multiphcation takes plac6 



Fig 147 — Bahc’na bxgermna (Smith & Kilbome) (X c 3000) 
A, poar shaped form, B—F, multiplication by budding, 
O, two pear shaped forms in a corpuscle , H, four pear 
shaped forms m a corpuscle (From Wenyon, after Nuttall 
and Graham Smith ) 


by a characteristic budding ' process, the buds remaining 
attached bj their pomted ends Transmission by ticks 
DtmensionSf — ^Round forms 2—Sfji, in diameter , pyriform 
examples 2-4, u, m length by 1 5-2 fj. m width 
MemaTLs — It was in the case of B bigenitna, the cause ol 
red- water fever in cattle m Texas, that Smith and &lbome 
(1893) demonstrated the possibihty of transmission of proto- 
zoal parasites by Arthropod hosts Not only did ^ey ^cover 
that infection is Transmitted by the tick, but that the egg 
of an infected tick are also infected, so that the second genera ion 
of ticks hatched from such eggs may also be infective 
was the first time that the r6Io of Arthropods in ® i 
mission of protozoal disease was demonstrated— several 
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yeors "before Kcss’’e discovery of the tronszilssi -> 0 . ofF x^rtcdiu-<7: 
j»t=’cccr by CKier- riosquitoes Koi much I'o.\e\cr is knovTi 
cf the cvtuci develcprr ert ir. tee tiCi; Kct I 1 1 .‘’' 1 1 . ■( observed 
test iu the stomsi.h of nhe tick the pe^r-sbiped tori'' s escaped 
fern, the bkcd-corpuscles became auicebcid threw oct long 
spiky pseudrpedia, assccioted in pairs, and g » w n>e to elongairo 
bodies vdth tree nuclei and spiky psoadcpcdic at both 
extremi-ies. Ft.sion of the nuclei then took p'-'ce. along 
vibh the vdrhdra'fral cf the pset-dopodia Christophers 
(IfOT). ^,ho studied the development of F (.>„.»> m -rhe t^ck, 
dr_bted if the amerboid stages -vrers essential lu the develop- 
inen*-> cn>^ descn'bed motile elnb-shr-r-e>i fornix -^vinch he 


reiferred to as rygotes ' or ‘ ookinetes ’ These give rise 
to a gbbnisj s^age. is-hlch divides by mokrph’' nssion into 
sporob'asSs and sporcacites. The sporor:o..tcs collect in. vast 
n imbers in the salivary guards of the tick, end the : ce pass into 
the "^'ertebrste vhen the tick* feeds. Observations on -fehe 


de^-siopn-ent m col-renes trere pablishcd by Kfeine (1906) and 
by Kmitrl! and Cmham-Snurh (i90S). and cert am stages in 
the tickvere also described by Dscnmikcvski and Luhs (1909). 

Tne development cf the parasite m ’’he Vertebrate hesr 
cf multiplication by binary or qi.'^druple fission 
vithih the corprscle. Aner destroying th*'* eorpnscles m. 
fdiich they are lodged, the parasites become free m the bleed 
ard penetrate cth<K: red corpuscles. The st iges in the blood 
■rere stndied in great detail by Nuttall and Omhani-Snnth 
(1906. 1907 ISOS) arid by Christophers (1907) m B. cenis, 
and a summary of their oliervaticns ■vnli be fomd under that 


The c’^gaaism remains in the bleed of animals that have 
recovered fern acute symptoms, for many \caTS afer its 
suparent disappearance, ss tested by microscopic eicamma- 
tiens. and inccolation of blood can. produce infection in 
a healthy animal. 

Ccopeir (1926 c) is of the opinion that infection trith this 
parasite is so videspread in India that probably in most 
iccsKties cattle become mfseted as young calves * at -which 
sge they possess a high degree of resistance and recover 
readily, and are subsequently immune, but continue to acr 
as carriers. Acute disease is liable to occur when aduli; 
cattle ate imported fem countries where the species does not 
emst, cr^-when the immunity is broken doTTn through the 
eTect of intere-urrent crease conditions. 

_^3^snis (19S<>) described the struemre of the nucleus cf 
F-^’pecii’-n and even noted the presence cf a blepharoplast. 

, (l^SS) found the nuclear chromatin to ^ confined to 
the apical portion cf the parasite -vnth a circular ro-ir of fine 
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chromatin beads connected with the mam mass of chromatin 
He did not find any evidence of a blepharoplast 

Habitat — ^Blood of ox, Bos indtcus Linn (*) Ptojab, 
Lahore , UmTED PROvrsfCES, Muktesar , IMadbas 

254 Babesia bovis (Babes) (Fig 148 ) 

HeematococcuB boms. Babes, 1888, p 692 , 1890, pp 800, 975 
Babesia boms, Starco'VTSi, 1893, pp 1—8 , BabbS, 1899, p 125 
JPtroplasma divergena, MacFadyoan A Stockman, 1911, p 340, 
NutaU, 1913, p 305, fig 2 

Ptroplasma btgetmnum [Babesia boms), Mmchm, 1912, p 379 
Mtcrohabesia divergena, Sohns, 1918 
Babestella horns, Mosnil, 1919 

Babesia boms, Wenyon, 1926, pp 998-1000, figs 411, 412 
Reicbeno-n^, 1929, pp 1035-6, fig 1021 , 1935, p 378 
f Babesia boms, Idnani, 1938, p 265 , 1938, p 42 

Smaller than B bigemina Amoeboid forms chiefly roimded, 
often ovoid, pear-shaped, or rod-shaped forms also occur 






Fig 148 — Babesia boots (Babes) (After NuttalJ ) 

In films* stamed with Bomanowsky’s stam the nucleus is 
seen as a red dot, with a strmg of fine granules extending from 
it Two pear-shaped mdividuals often he with their pointed 
ends together and formmg an obtuse angle, or even m a ime 
The forms are smaller than the radius of the corpuscle, 
he near the margm of the corpuscle, and trypan blue is usua y 

effective , ^ 

Dimensions — ^Round forms 1-1 5/i m diameter , pynf 

mdividuals 1 5-2 a m length , ,, 

Bemarhs —The organisms were margmal 
pomted ends of a pair of mdividuals 
angle, or the mdividuals were m a straight 1^® r.„inbi 
hS shown acute pnoplasmosis associated 
nuna, and trypan blue bad been admmistered, but mtbont 

an Man bafelo, 

Madbas, Belgaum 
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255 Babesia caballl (Nuttall & Strickland) (Fig 149 ) 

PiropJasma sp , Maizmowsty & BieUtzor, 1909, pp 28—31, pis v— 

XTll 

Piroplasma caballi, Ifuttall & Strickland, 1910, pp 524rS , 1912, 
pp 66-96, pi ui, 8 diagrams and 5 charts , Dschunkovski 
<fcLnhs, 1913, pp 289-502, pis aav, xv , Darlrng, 1913, pp 197— 
203, pi m , Carpano, 1913 b, pp 13-41, 3 pla 
fPiroplosmo caballi, Valladares, 1914, pp 88—94 
Piroplasma cabalh, Yakimoff, Schokhor, & Koselkme, 1917, 
pp 302-11 , Velu, 1922, pp 197-212, fig 27 
B^csta caballi, Wonyon, 1928, p 1008, pi 7cmi,21—25,&:&g 415, 
Knowles, 1928, p 453, fig 105 22—30 , Roichonow, 1929, 
pp 1036-8 

Parasites relatively large, and resemble B higemina found 
m cattle Multiplication takes place by budding, and pear- 
shaped forms occur m pairs in the red blood-corpuscles 







B 


E 


Fig 149 — Babesia cabalh (Nuttall & Strickland) A, pear shaped 
form. , B-D, stages m the process of budding , E, a pair 
of pear-shaped individuals (After Nuttall and Strick- 
land ) 


Remarks — This form, hke B eqm (Laveran, 1901), causes 
hffimoglobmunc fever in horses Nuttall and Stnckland 
(1910) showed that two distinct species occur in horses 
They placed the small form, previously known as Piroplasma 
equi Laveran, ui a new genus under the name Nvitalha eqm, 
and described the larger form as PtroplasTrta cabalh Later 
(1912) they described the method of multiphcation of the latter 
in the blood 

Marzmowsky and Biehtzer (1909) showed that the tick, 
DermaccTitor reiiculatus Koch, was the vector m South Russia* 
and Garpano (1913 6) thought that Jifargaropus annulatus 
(Say) was the vector in Italy 

Habitat — Blood of the horse, Eqvus caballna Lmn 
Habeas, Madras 


256 Babesia cams (Piana & GaUi- Valerio) (Figs 150, 151 ) 

Pyrosoma bigeminum var cams. Pinna & Galh-Valeno, 1895, 
p 345 

Piroplasma cams, Labb6, 1899, p 124 , Lounsbury, 1901, p 714 , 
Minchm, 1903, pp 242,270,337,350, Lounsbury, 1904, p 113, 
Nuttall, 1904, pp 219-57, 7 figs & 7 charts 


x2 
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•f Ptroplasma cants, j:>aggetty, 1904, pp 67-8, Lingard & Jennmgs, 
1904, pp 161-5, pi 1 , 10 , Stophons & Chnatophera, 1904. 

pp 334—5, fig 74 

Ptroplasma cams, Kuttall & Graliam-Snuth, 1905, pp 237-49, 
1906, pp 586-651, pie xj—xm and 23 text figs , 1907, pp 232- 
72, pla i-iii 

■fPtroplasma cams, Webb, 1906, p 1 , Christopbers, 1907 a, 
pp 76—8 , 1907 6, pp 1—83, 3 pis 
Ptroplasma cams, Nuttall & Graham Smith, 1909, pp 211-14, 

pi IX 

■\Ftroplasma cams, Baldrey, 1910, pp 669-79 , Gaigor, 1910, p 66 , 
Brandford, 1912, pp 643—6 

Babesia cams, Schttberg & Reichenow, 1912, pp 415-34, pi u 
Ptroplasma cams, Mmchm, 1912, pp 382-3, 384-6, 387, figs 161, 
162 

^Ptroplasma cams, deMello, de S4, de Sousa, Dias, &N’oronha, 1917, 

p 16 

Ptroplasma cams, CBatoUeLni&ChalmBTa, 1919, pp 493-6, fig 163, 
Velu, 1022, pp 224—40, figs 29, 30 , Hegner& Taliaferro, 1924, 
pp 303-4, fig 114 

fPtroplasma cams, Rau, 1926, pp 243-4 

Babesta cams, Wenyon, 1928, pp 1012-20, pi xvin, figs 410,417, 
418, 419, 421 , Knovries, 1928, pp 446-60, figs 103, 104 , 
Reichenow, 1929, pp 1032-4, figs 1016, 1018 
‘^Ptroplasma (Babesta) cants, Stirlmg, 1929, pp 647-63 
Babesta cants, Behtzer & Markofi, 1030, pp 498-601 , Begendeaiz, 
1932, pp 746-8 , Regendanz & Reichenow, 1933, pp 60-71, 
2 pis , 1 fig , Reichenow, 1935, p 378, fig 31 

The Cycle in the Dog — ^Parasites t 3 ?pically pear-shaped, 
rounded and bulbous at one end and pointed at the other, with 





G 



Rig 150 — ^Bohesia cants, development m the dog ( X c 3000) A, pear- 
shaped form , B, vacuolated form , G, rounded form , 
D~0, stages in the process of buddmg , ultuns"® 

formation of pear shaped individuals (After Nuttall and 
Graham Sixuth ) 


a vacuole in the cytoplasm , 4 5-5 n in length In Slras 
stained with Bomanowsky’s stam the nucleus is seen as a 
deeply stamed granule situated near the pomted end, wi 
a string of fine granules extending ftom it This ypica 
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form passes through a senes of stages before division takes 
place The organism becomes rounded, the vacuole first 
enlarges, then disappears, and the strmg of chromatm granules 
IS withdrawn mto the larger granule (fig 150, A-O) It now 
passes through an amoeboid phase, and division of the organism 
is imtiated by the separation from the larger granule of 
chromatm of a smaller one, which remains connected with the 
larger by a string of grannies The smaller granule divides mto 



Fig 161 — Babesta cants, development jn the tick ( X c 1500) 
A, globular forms m the stomach of the tick , B, globular 
form showing spLt , C, club shaped forms’, D, “ zygote,” 
which passes through the stomach wall , E—H, globular 
body m ovum or tissue-cells, which shows multiple fission , 
f, sporoblosts , ,7, formation of sporozoites , ^.sporozoites 
m the sahvaiy glands (From Nuttall, after Christophers ) 


two, and the cytoplasm forms two buds, each containing 
one of these grantdes , thus finally a tnlobed form results, 
in which the three chromatm granules are connected with 
a Y-shaped or V-shaped chromatm strand (fig 150, D-O) 
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!r]ie larger chromatm granule also now dindeSj followed by 
tbe diTiHion of tbe cytoplasm, and two pear-shaped merozcatra 
result (fig 150, H-J) These merozoites may now leave the 
corpuscle to invade other corpuscles or may further divide 
wiihm the same corpuscle so as to produce multiple-cell 
infectious Schizogony is thus by budding, and is not com- 
parable with that of the malarial parasites Sometimes 
there may be as many as sixteen of these organisms in a magle 
blood-corpuscle 

The Cycle in the Tick — When ingested into the stomach 
of the tick the parasites leave the blood-corpuscle, increase 
in size, and become globular bodies, 4-5 ^ in diameter A spht 
appears in the globular body, a portion swings round, and the 
globular body is changed into a club-shaped body The club- 
shaped bodies are motile and Gregarine-like Whether any 
sexual process is mvolved is not known The club-shaped 
bodies after passing through the wall of the gut, enter the 
ova and later are found m the tissue-cells of the embryo 


developed from the egg There they again become globular, 
and increase in size up to a diameter of 2o/i This globular 
stage, termed “ zygote ’ by Christophers, according to 
Min rhm probably corresponds to tbe oocyst of the Plasmoduds 
The globular body dividW up by multiple fission into a number 
of “ sporoblasts,*’ which do not remam aggregated together, 
but scatter themselves through the tissues of the tick, larva, 
nymph, or adult as the case may he The nucleus of each 
sporoblast divides mto a large number, and then the sporoblast 
segments mto an eqnal number of sporozoites, which are 
small bodies with a single nucleus similar in appearance to 
the forms in the blood The sporozoites collect in the sahvary 
glands of the tick and pass into the blood of the dog when the 
tick next feeds on it 

i?eiMrLs — ^The parasite vras first discovered as the cause of 
mahgnant jaundice of dogs in Italy, and has smce been sho^ra 
to have a wide distributton It hks long been known to yield 
to treatment with the anihne dye, trypan blue lingard and 
JermmgB (1904), James (1905), Webb (1906), and Chnstophers 
(1907 a, 1907 b) were the earhest to study it m Jnd^ 
pbers showed that m India Ehipiceyhalvs sanguineus (Latame) 
was the transfiutting tick, and described the cycle m the ttca. 
as summarized above Chnsfophers also proved that eggs 
laid by an adult which had fed on infected dogs gave 
to larve which were not infective, but that the nymp =, 
and probably the resulting adults, were infective 
took specimens of B sangumeas to Engird and ^ 
infecting Eogligh dogs with them* Baldrev (1911) ga 
a useful Eummary of the observations on pirop asmosis 


India up to that date 
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Lotmabury (1901, 1904 o) was tbe first to demonstrate 
expenmentaUy that infection Is transmitted from dog to dog 
by tbe tick H^maphysalis leachi (Audoum) in South, Africa 
Nuttall -(1904) and Nuttall and Graham-Smith (1905, 1906) 
descnbed the structure and hfe-history of the parasite m the 
dog Breinl and Hmdie (1908) descnbed a biflageUate stage 
of the parasite, but Wenyon (1926) and Knowles (1928) are 
of the opinion that this must have been a species of Bodo 
{IfaMtgaphora) from some extraneous source, and was not 
part of the life-cycle of B cams Schuberg and Reichenow 
(1912) concluded from their observations that the amoeboid 
forms are extra-corpuscular, become rounded, and produce 
buds, and these buds pass into the red corpuscles, producmg 
there the mtra-corpuscular pairs of pear-shaped forms They 
also studied the details of nuclear division in wet fixed 
films 

Nawrotzky (1912) infected dogs by introducmg infected 
blood into the stomach by means of a stomach tube Laveran 
and Nattan-Lamer (1913) adduced evidence t-o show that the 
viruses of France and North Africa were different, dogs which 
had recovered from infections with French virus, and were 
immune, could be infected with the North African one 

Several workeis have attempted to infect ammals other 
than dogs, but without success Dunsbury (1903) failed to 
infect a jackal NuttaU and Graham-Smith (1909 a) faded 
to mfect foxes Contraiy to these negative results, Bau 
(1926) has succeeded m experimentally mfectmg a jackal with 
B cams from a dog He also found the parasite m a blood- 
smear from a wild jackal 

Begendanz andKeichenow (1933) have restudied the develop- 
ment of Babesia cams m Dermacentor reticvlatus They 
find that most of the parasites when sucked m with the dog’s 
blood by the tick die, but some produce small vermiform 
bodies that infect the cells of the tick’s midgut and multiply 
there asexuaUy The daughter cells enter the body-cavity 
and proceed to the eggs, where, after a few divisions, they 
decrease m size and remam dormant Later, m the nymph 
or the adult developmg from the egg, they enter the salivary 
glands, multiply and produce vermiform cells that escape 
mto the sahvary ducts thence they are passed mto the dog 
In the dog’s blood they reproduce asexuaUy No sexual 
stages were found by them at any stage of the hfe-history, 
and they beheve that the sexual stages previously report^ 
by others are mismterpretations of the observations They 
further claim that piroplasms have no close relationship 
with either Sporozoa or FlageUata, but have their nearest 
affimties with Sarcodma 
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Habdat — ^Blood of the dog, Gams famtltari^ T,mn TVTattr&<:^ 
Madras , Punjab , Poetuguese India, Nora Goa , Centeab 
PE oriNOES , the jackal. Cants aurevs Lum IMadeas, Madras , 
and the blood of the transmitting tick. JEthtmcephalus san- 
gmneus Koch 


257 Babesia equl (Laveran) (Fig 152 ) 

Piroplasma equt La-veran, 1901, pp 385—8, text figs , Mmclun, 
1903, pp 242, 270, 350 , Stephens & Christophers, 1904, 
p 337 

'\P%roplas7na sp , Lmgard & Jennings, 1904, pp 161-5 pi i, figs ^ 
3 

Plasmodxum equt, Axe, 1906, pp 222—5 , JolrSo, 1907, pp 61-66 

Ptroplaama equt, Gaiger, 1910, p 66 

Nuttalha equt. Franca, 1910, p 14 , Kuttall & Strickland, 1910, 
pp 624—5, Minchin, 1912, p 380, Dseh-unkvosla & Luhs, 1913, 
pp 289-302, pis XIV, xv 

Ptroplasma equt, Carpano, 1913 6, p 846, 1914 a, pp 13-41, 
3 pis , 1914 6, pp 42— 53, 1 pi 

'\Ptropla8Tna equt, Valladares, 1914, pp 88-94 WiUiams, 1914 

pp 1-6 

Nuttalha equt, Schein, 1917, pp 871-2 , Yakimoff, Schokhor, & 
Koselkme, 1917, pp 302—11 , Du Toit 1919, pp 84-104 , 
Caatellani & Chalmers, 1919, p 600 

Ptroplasma equt, Velu, 1922, pp 197-212, fig 28 

Babesta equt Wenyon, 1926, pp 1009-10, fig 416, pi xviu, 
figs 26-30 , Knowles, 1928, p 453, fig 106, 26-30 , Reichenow, 
1929, pp 1036-7, fig 1022 

Very small, nearly rounded and actively amoeboid, oroid 
or pear-shaped, not exceedmg 2fx, in diameter Division 



Fig 162 — Babesia equt (Laveran) (After Wenyon ) 


gives nse to fom: individuals, which are arranged m a cross- 
hke manner The four daughter mdinduals eventually sepa- 
rate, escape from the red corpuscle, and infect other corpuscles 
Transmission by ticks 

HemarLs — ^Bound or rmg-shaped, oval or rod-shaped puo- 
plasms showing division rosettes of four, arranged m the 
form of a cross, were placed by Franca (1910) m a separate 
genus called Nvitallm but Wenyon (1926) thinks that 
differences in size and in the number of daughter mdividuals 
produced are not sufficient grounds for recogmtion of new 
genera 
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Nuttall and Stnckland (1910) have descnbed the groTrth 
and division stages in this species The species produces 
A disease hke that caused by B cabcHli, but is much more 
widely distnbuted Theiler (1905 a) showed that Rhipi- 
(xphahis cvertsi Neumann is the vector m South Africa, and 
according to Carpano (1913 h), BhtptcepTialus hursa Canestnm 
& Fanzega is the vector m Italy 

Young ammals are not so seriously affected as older ones 
Immumty is acquired The blood remains infective for many 
years after a climcal recovery 

Habitat — ^Blood of the horse, Equus cdbdUns Ltdti Pufr jab , 
United Provinces, Muktesar , Rajbtjtana , Madras 

258 Babesia fehs Davis (Fig 163 ) 

^Pi/roplasma ep , Lingard & Jennings, 1904, p 161 
Babema fells, Davis, 1929, pp 304, 523-34 
t.Ba6e«ia/eZis, Mangnilkar, 1937 a, p 1*5 , 1937 5, pp 243-6, pi 

Small, rounded, non-pigmented, mtra-corpuscular parasite 
multiplymg by division mto four m a cross-hke arrangement, 



Fig 163 — Babesia felts Davis Venous forms seen in Leishman- 
stamed films Light blue cjdoplasm is mdicated by 
stippling and the dork red chromatm by black Outlmes 
of the corpuscles are represented schematically (After 
Davis ) 

Schizonts do not occur in the internal organs Trypan blue 
not effective 

Dimemions — 1-2 25 p. m diameter, the majority bemg 
about 1 25/x 

Remarks — ^Lmgard and Jennmgs (1904) recorded piro- 
plasmosis m wild and tame cats, but did not describe the 
form found Davis (1929) descnbed Babesia fehs from 
the Sudanese wild cat, Fehs ocreata, and found that the 
parasite is readily transmissible to the domestic cat by means 
of blood moculation, and that the progress of infection m 
moculated cats follows a constant but bemgn course Splenec- 
tomy prior to or after moculation results m an mtense 
infection characterized by anaemia and hEemoglobmuna 
Mangnilkar (1937) has recently found the form m Indian cats, 
hut has not come across an^ division mto four or cross-forms 
^_Habitai — ^Blood of cat, Fehs domesticus Lonn United 
Provinces, Bareilly, Muktesar 
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259 BaTjesia ^soni (Paft-on) (Fig 154 ) 

tPx'^oplaerrvi tropxcus (part), Lingard & Jennings 1904, pp 161— j 
tPi-qpJowna pibsont, Patt-on, 1910, pp 274—81, fig 1 
7 Ptrt?plasfna tropxcue (part), Baldrey, 1910 pp blTr-l 
■fPxToplasTra gibsom, Patton, 1911,'pp 615-21, 1 fig , Sjnnoiis & 
Patton, 1912, pp 361—70 
Acrrornattcw gibsont. Franca, 1917, pp 221—9 
Ptrop’ctsma gibsoni, Castellani & Chalmers, 1919, p 497 
B<ibcsxena gtoeom Vein, 1922, p 131 
Babfxxa gibsonx, IVenyon, 1926, pp 1020—1, fig 422 
Ptroplofma gibstmi, Symons, 1926, pp 293-315 
■fP^ropUtsmxi gxbsonr. Pan, 1927, pp 785—800, pis xxxt, xxxu, 
4 tert-figs , Stirling, 1920 pp 647—53 
fBabesxa gtbsant, Siramuiath & Shortt, 1937, pp 499-503 , Ea" & 
Idnani, 1938, p 263 

Smaller than S cants , young trophozoites rottnded, not 
pear-shaped, and appear as small rxng-like forms occupying 
about one-eighth of the infected corpuscle Parasites (m 
films stained Tvith Leishman s or Giemsa^s stam) appear 
as small rings, somewhat resembhng tbe rings of the mahgnant 
tertian malarial parasites but very much smaller and stainmg 



Fig 154 — Bahteia gibsont (Patton) 

(From Vrenj on, after Patton ) 

less deeply They also differ from jB canis m not showing 
reticular structure of protoplasm or vacuoles The protoplasm 
takes a very famt blue stain, the nng being sometimes made 
up of a blue-stammg periphery and a clear centre Generally 
there are two masses of compact chromatin, stanung red, 
one larger and the other smaller, which is situated either 
near the larger or on the periphery of the nng Larger 
ovoid or elongate forms are also met with, though m smaller 
numbers Parasite usually excentncally situated m the hlood- 
corpuscle X/suaIl 3 ' only one but sometimes up to five, may 
be found in a single corpuscle The infected host-cell generally 
not altered m shape or size Sometimes the parasite escapes 
from the coipnscle, becomes disc-shaped, and after a short 
while enters another corpuscle In spleen-puncture smeam 
simila r forms are met with, and also very large rings with their 
chromatm divided mto two, three or even four parts Schiz^ 
gony takes place mthe spleen The parasite, having penetrated 
a cell in the spleen, grows and divides mto two lour, etc 
The daughter parasites are somewhat pear-shaped, and, when 
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present m large numbers m a cell, the shape vanes jfrom 
a long oval to pynform or circular The merozoites are set 
free by the rupture of the coi^uscle and infect other corpuscles 

Remarks — ^Patton (1910) beheved that the hounds got the 
infection from the jackal He demonstrated the same 
parasite m the blood of the jackal, and showed that the 
infection could be transferred to dogs my means of moculation 
of blood from the infected animal Dogs which had recovered 
from B cams were moculable with B gihsom He suspected 
Rhvptcephalus sp , a species related to Rhiptcephalvs simus 
(Koch) which occurs on the jackal, as the transmittmg agent 

Baldrey (1911) thought that the outbreak described by 
Patton as due to this species was of the same nature as that 
previously described by Pease and Gunn (1908), and that the 
form IS not morphologically distmct from Babesia tropicus 
(Lingard & Jenmngs, 1904) Lmgard and Jennings studied 
piroplasmosis m different ammals, but probably confused 
a number of species, and B tropicus is not now recognized 
as a distmct species 

Rau (1927) observed that smears from engorged larvae of 
the tick, Beemaphpsahs bisptnosa Neumann, showed some 
parasites with fibnllar prolongations and a few free large 
rmgs Transmission experiments with H bisptnosa -were 
mconclusive Cultivatiqn of the parasite tn vitro was also 
not successfiil The blood from an infected jackal when 
mjected mto a dog gives the disease to it and vice versa 
In the dog, however, the disease takes a more acute form than 
m the jackal 

Accordmg to Stirhng (1929) the infection caused by this 
much smaller piroplasm differs clmically from that caused 
by P cams m bemg usually more prolonged m its effects 
The sjrmptoms are generally those of a progressive anaemia 
with frequent tendency to relapses at prolonged mtervals 
It does not respoifd to treatment with trypan blue, but good 
results have been obtamed by repeated treatment with certam 
arsemcal preparations, notably tryparsamide 

Swammath and Shortt (1937) have shown that the jackal- 
tick, HsemapTiysahsbispinosa Neumann, is a vector of B gibsoni, 
and that all stages of the tick can transmit Hereditary 
transmission through the egg also occurs 

Ray and Idnam (1938) have recently made a detailed study 
of J5 gtbsom m the Vertebrate host They foimd two types 
of parasites, viz , rmg forms and thm elongate forms, m 
smears from the peripheral blood as well as mtemal organs 
The rmg forms were found to multiply by repeated bmaiy 
fission until 12 to 16 merozoites were formed , while the 
thm elongate forms were observed to multiply in a manner 
which suggested a process of schizogony and gave rise to 
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lore tlisii 30 nerc-zcrtes in a corptiscls. SometnEes oorpz-dhs 
iferted 'Fiii. both, forms -were seen In smears fern psrrpheral 
egsrd this as sn^estTe of sezasl drzncmhisin 



2-50 Bsbgcia mctari Wenjom rFig, 1-55 ) 

?-:os~.-V5^ ITolas, ie03 c, pp. 1522-4 , 6, pp. 531-4, 

ec'>, 3>3T2rnn2gr~Jd &. I-^xis, IS??, pp. 14S— 51 ; 
Lee*'C»3-22rd, 122.3, pp 140-5- 
.Ssi-^s TTepr^n, 1925, pp %. 414, 9-22. 

pSpSe-ns Achsr 4: SrSpnl-^i, 19S4, pp 1-3, 2 pls.& 2 cisrte. 

Sv'jvvi SzT^~&T, 1935, Tra ITl— 2 ; Hgrrrspp & TTsI L I£S3, 

pp. 215-229, 1-5 

Parasites are most mescrnentlT pear-shaped, thoix^ oroid, 
- n tmn cr fcr&gnlarlr shaped forms are also met ■srith. Th^ 
oemr sinsiv or in nafrs and the "Dsirs alrraTB meet at an acute 
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^ II, 
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261 Babesia ninense (Yakunoff) (Fig 156 ) 

Piroplasma ninense, YakimoCf, 1909, pp 472—7, 1 pi 
fNui^lia mnense, Sinton, 1922, pp 359-63, pis xxvi, xxvti 
Babesia ninense, Wenyon, 1926, p 135S 
NuUallta ninense, Eeichenow, 1929, p 1039 

Parasites occur in the red blood-cells, usually one in a ceD, 
occasionally more Stamed with Giemsa’s stain the c3?topl3sm 
IS blue and the nucleus a deep carmine-red The cytopla,sm 
IS condensed and deeply stamed at the periphery, with usually 
a hghter area m the neighbourhood of the nucleus Cyto- 
plasm IS Tolummous as compared with the nucleus, which is 
a sohd mass of chromatm, usually round, but elongated in 
dividmg forms, and is usually peripheral, rarely central The 
mtraceliular parasites may be rmg-shaped, oval or elongate 
rod-hke m form The oval or oat-shaped form is the common 
type m division rosettes Division rosettes consisting of four 
small parasites found m smears horn blood, spleen, and bone- 
marrow Cross-form of division also met with 



Fig 156 — Sahesia ninense (Ye,\amaB.) (xc 2500 ) (After Sinton ) 

Dimensions — ^Intracellular parasite, small form 0 7—1 p, 
large form 2-3 ft m length 

Habitat — ^Red blood-corpuscles m smears from the blood, 
hver, spleen, and bone-marrow of the hedgehog, Brtnacevs sp : 
N W F Peovikce, Kohat 

262 Babesia sergenti Wenyon (Fig 157 ) 

Piroplasma oiis (part), Eatz, 1913, pp 194-200 
Theilena oms, Yakimoft, 1916, p 201 

Qondena oms, Sergent, Parrot & Hilbert, 1922, pp 789-92, 1 Pe 
Piroplasma oms. Vein, 1922, pp 216—23 
Gonderta oms, Lestoquard, 1924, pp 122-8, 15 figs 
Babesia sergenti, Wenyon, 1926, pp 1004, 1007-8, fig 414, l—i 
Babesia oms, Eeichenow, 1929, p 1036 
^Babesia sergenti, Krishna Iyer, 1933, p 33 

Morphologically the parasite corresponds very closely to 
H mutans Similar rounded and baciUary forms occur. 
Reproduction is by buddmg mto two or four, so that the 
characteristic cross-forms are produced E'othing is known 
of the method of transmission 
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Bemarka — ^The piroplasins of sheep and goats continue to 
be referred to Ptroplaama ovia Laveran & Nicolle (1909), but 
Wenyon (1926) has restricted that name to the organisms of 
intermediate size, and named the larger form as B moiaat 
and the smaller form as B sergenh Thus B moiast, B ovts. 



Fig 167 — Bahosta scrgenli Wenyon ( x 3000 ) 
(From Wenyon, after Lestoquard ) 


and B sergenU of sheep and goats correspond to B bigemtna, 
B boms, and B mutans of cattle B sergenh produces no 
recognizable symptoms 

Habitat — ^Blood of goat, Capra htreus T..inn Ukited 
Pkovt^tces, Muktesar 


263 Babesia soncis (Christophers) 

fPtroplasma sortets, Nuttall, 1908 

Babesia soncts, Hoare, 1930, p 246 

Parasites of moderate size, occupymg one-third of the cor- 
puscle in the larger forms Did not show typical bmary forms 

Bemarls — ^Nuttall (1908) stated that “ Christophers has 
found a parasite m musk rats m India which he names 
P[i,roplasma] sonas ” Hoare (1930), faihng to trace the 
origmal pubhcation, referred to Christophers, who gave 
him the meagre mformatfon quoted above and remarked 
that he had found the parasite, but never described it or referred 
to it m prmt 

Habitat — ^Red blood-corpuscles of the musk rat, Croeidura 
cserulea (Kerr) Madras, Gumdy 

264 Babesia tropicus (Lmgard & Jeniungs) (Fig 158 ) 

^Piroplasma tropicus (part), I,ingard & Jennings, 19b4, pp 161-5 , 
Bsldrey, 1910, pp 672—7, pi ixs-jv 

Small rmg-forms, with central position of the chromatin m 
many of the infected red corpuscles Chromatm m the form 
of two dots and a connectmg bar between them Pear-shap^ 
forms rare m corpuscles, but occasionally seen free m the 
plasma 

Remarks — ^Lmgard and Jeniungs (1904) found piroplasms 
in bovmes, buffaloes, equmes, elephants, camels, goats, sheep, 
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dogs, cats, monkeys, deer, fowls, guinea-pigs, and lizards, 
without referrmg them to different species Baldrey (1911) 
not only referred a form found in the blood of cavalry and 
artillery horses at Mhow and Meerut to this species, but also 
thought that B gibsont (Patton) was identical with it Lmgard 
and Jenrungs, and Baldrey were wrong m referrmg the parasite 
from cattle, dogs, sheep, and horses to P tropicu-s when 
P bovis, P conw, P ovt^, and P equt were already known from 
those animals Since then other species have also been 
described from these animals, and piroplasms of monkeys 







Fig 158 — Babesia tropicus {Lmgard & Jennmgs) A, from camel , 
jB, from gumea pig , C, from elephant , Z>, from the common 
lizard (After Lmgard and Jennmgs ) 


and deer have been described as P pitheci and P cervi 
No one else seems to have described piroplasms from elephants, 
camels, fowls, gumea-pigs, and lizards, and for this residue 
the name P iropictis m&y be retamed till the parasites from 
these animals are exammed again and the specific name 
restricted to one particular form 

Haiitaf — ^Red blood-corpuscles of elephants, camels, gumea- 
pigs, fowls, and hzards U^inTED Pbovutces , Bareilly 
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265 Babesia sp 

troplasma 'i-p Patton, 1910, p 279, 1911, p 620 
Babesta sp , Wetiyon, 1926, p 1027 

Remarks — ^The form may perhaps be the same as Babesia 
cervi Bettencourt, Branca and Borges (1907) described from 
Gervus dama Robert of Portugal 

Habitat — ^Blood of the spotted deer. Axis axis (Erxl ) 
{—Gervus axis) India 

266 Babesia sp 

Babesia ep , Plmuner, 1915, p 130, Wenyon, 1926, p 1356 

Remarks — ^Wenyon (1926) thinlcs that this form may possibly 
be the same as JB gibsoni He saw the parasite in large 
numbers m the blood of a Colombo dog 

Habitat — ^Blood of the wild dog, Gyon dukhunensis (Sykes), 
from India, m the Zoological Gardens, London , Ceylon, 
Colombo 

267 Babesia sp 

■tPiroplasma sp , Patton, 1910, p 279 , 1911, p 620 
Babesia sp , Wenyon, 1926, p 1025 

Remarks — ^The form may possibly be the same as Babesia 
herpestidis Branca (1908) from the mongoose, Herpestes 
ichneumon Ilhger, m Portugal 

Habitat — Blood of Herpestes edwardii Desmarest [=Her- 
pesies mungo (Gmel )] 


Doubtful Protozoa. 

iNCEETii; SEDIS 


Family ANAPLASMIDJS Nietz, Alexander & 

dn Toit, 1933. 


Genus GRAHAMELLA Brumpt, 1911 
{Syn BaktoneiXiA Strong, I^zer, Brues, SeUaxds, and 
Gastiaburu, 1916) 


A nevr Hajmatozoan, Graham Smith, 1905, pp 453-9, pis xm, xiv 
Orabamella, Brumpt. 1911, VP 514-17 ,1913 h 

Graham Smith bodies, Laveran & Maruliaz, 1914, pp pi n 

Orahamelkt, Carmi, 1915, pp 103-4 . laTH 

Bartonella, Strong, Tyzzer, Brues, SeUards, A ' 

p 32 , ilayer, Borchardt, A Kiknth, 1926, p 5o9 , „ ’ 

1926, pp 1059-60, Noguchi & Battistini, 1926, p 851, Noguclu, 
1926, pp 533,697, 715, 729 , aco i 

Grahamella, Wenyon, 1926, pp 1056-9 , Knowles, 1928, pp 
Brumpt, 1928, pp 1079—81 
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Bartonella, McCamson & Mula Sitigh, 1031, pp 945-9 
Grahamta, Nietz, Alexander & du Toit, 1933, pp 263-71 
Bartonella, Donatien & Lestoqiiard, 1934, pp 650-2 , Adler & 
Ellonbogon, 1934, pp 210—21 , Kikuth, 1934, pp 1241—50 
Lestoquard 1934, pp 650-2, Adler <L Ellonbogen, 1934, pp 219— 
21 

(Bartonella), Toplej & Wilson, 1936, pp 710-11 
Grahamella, Toplej &. Wilson, 1936 p 712 

Parasites minute , rounded, oval or more usually rod- 
Iike bodies, showng an irregular staining, a blue cjdioplasmic 
portion bemg distinguishable from a red chromatmic part 
Rods may be straight or slightly curved, and forms with 
a red-staming granule at each end mth a constriction m the 
middle suggest that reproduction is by bmary fission One, 
two or as many as fifty may infect the same red corpuscle 
or an endothehal cell 

Remarks — Graham-Smith (1905) described these bodies m 
red blood-corpuscles of moleS Brumpt (1911), who en- 
countered the same structures m the red blood-corpuscles of 
moles m France, described them as a nev genus Other 
observers have found similar structures m the red blood- 
corpuscles of various other mammals Wenyon (1926) 
thought that there was httle evidence for regarding them as 
parasites, and still less that they were Protozoa Structurally 
they resemble bacilh more than any other organisms Emowles 
(1928) supported this view Reichenow (1929), Kudo (1931), 
and Callus (1933) have left them out of consideration, 
probably because they do not beheve them to be Protozoa 
Verj-- similar organisms were found m human red blood- 
corpuscles and placed m a new genus called Bartonella 
These are beheved to be the causal agents of two diseases, 
namely, Oroya fever and Verruga peruviana, occumng m 
man m Peru The former is a fever with marked anBemia, 
and the latter a nodular eruption of the skin Strong, Tyzzer, 
Brues, Sellard, and Gastiahuru (1915) estabhshed that these 
diseases are distmct, and gave the name Bartonella bactlhformis 
to the organism associated 'with Oroya fever Noguchi and 
Battistim (1926) succeeded m cultivatmg the organism in vitro 
They also succeeded m inoculatmg the form into 3Iacacus 
rhesus (Audeb ) Noguchi in a series of papers (1926, 1927) 
has further sho'wn that on subpassage m monkeys the virulence 
of the orgamsm was mcreased, and it produced more marked 
ansemia than at first The orgamsm -was constantly present, 
as shown by culture, m the lymph glands, less often m the 
spleen, bone-marrow, and heart-blood Inoculation of the 
monkey might produce either Oroya fever or Verruga peruviana, 
or both the conditions simultaneously He also estabhshed by 
cross-immumty experiments that the two conditions were 
caused by the same -virus He further succeeded m transmittmg 
SPOR y 
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the mfeetion from monkey to monkey by the bites of the 
tick, Dermac&nior andersoni 

Mayer (1925) described another species of the genus m rtuce 
and UoMStien and Lestoquard (1934) yet another in cattle 
Bmmpt (1928) recalls m detail the successive creation of 
the genera Orahamdla and Bartondla, and concludes that there 
IS noiv insufficient cause for maintaimng the genus BartonePa, 
created on the sole characteristic of pathogemcity He 
regards Bartonella muris Mayer, 1921, as synonymous inth 
GraJiarrdla muris Camu, 1915, and combmes imder Grahamdla 
Brampt, 1911, all forms described under the genus Bartondla, 
Tvhich decision is followed here 

Kietz, Alexander, and du Toit (1933), however, regard the 
two genera as distmet, and change the name GrahameUa to 
Grahamta, hut their paper is not available to the author 
Topley and Wilson (1936) also regard them as distinct, and 
remark that the evidence m favour of Bartondla bemg a living 
reproducible micro-organism, capable of giving nse unde’* 
favourable conditions to disease, is now very strong, but 
considerably less is known about GrahameUa, and it would 
be unwise to assert at the moment that these bodies are 
definite baetena According to them, Grahamdla, though 
resembling Bartondla, are much coarser and more hke 
ordmary bacteria With Giemsa’s stam they take on a blue 
rather than a reddish tint Only occasional red cells are 
affected Grahamdla appear to he non-pathogemc and are 
not influenced by splenectomy They hare not so far been 
cultivated, and though it is probable that they are living 
organisms, the evidence in favour of this is not yet conclusive 

268 Grahamella canis (Kikuth) 

Bartonella cams, Kikcrth, 1928, p 1729 , 1029, pp 1—7 , Topley 
& Wilson, 1936, p 711 

^Bartonella carte, Ray & Idnam, 1937, p 371 , 1938, p -59 

Porms m the red blood-corpuscles very pleomorphic, large 
or small, coccoid or rod-shaped 

BemarJ-s — -Kikuth (1928) described this form and con- 
sidered it responsible for causmg infectious anremia of 
He was xmsuccessfiil m cultivating the orgamsm on artmcml 
media Ray and Idnam (1937) have recently recorded the 
occurrence of this parasite in dogs m India, and heb^e it 
to be the cause of one of the types of obscure canme frver 
Appearance of the parasite m the blood was marled j 
a distmct thermal reaction associated with a numrar ol 
pathological changes Kakuth (1927) and others have a - 
that Bartondla usually appears m the blood of splenectoraz^ 
dogs, but Bay and Idnam (1938) find the infection to bo 



323 


inoculable into healthy non-splenectomized dogs, producing 
acute symptoms and ultimate death of the host m several 
cases 

Habtiat — ^Blood of the dog, Gant^ famtharis Linn UitiTJED 

pKOViNCES, Muktesar 

269 GrahameUa muris Carmi 

Grahamella murta, Carmi, 1915, pp 103—4 

Bartonella muns, Mayer, 1925 , Mayer, Borchardt, & KMtuth, 
1926. p 559 , Wonyon, 1926, p 1060 
■fGmhamella sp , Knowles 1928, p 463 

•{Bartonella muris, McCamson & Mula Smgh, 1931, pp 945-9 

Dot- and rod-hke bodies m the red blood-corpuscles of mice 

BemarLs — ^Mayer (1925) described this orgamsm from the 
red blood- corpuscles of mice which had been treated with 
Bayer 205 for trypanosome infections Later, Mayer, Bor- 
chardt, and Kikuth (1926) showed that the same bodies appear 
m auEemia caused by splenectomy m rats They beheved 
that the operation had stimulated a latent infection 
McCamson (1927) and Wills (1930) showed that the same type 
of anremia may arise in a proportion of non-splenectomized 
rats when they^ are fed on a diet deficient m fat-soluble vitamins 
and vitamm C The faulty food would thus appear to mduce 
functional mjury to the spleen, thereby lowenng resistance to 
mfection, m a manner comparable to, though not so effective 
as, splenectomy McCamson and Mula Smgh (1931) have 
further shown that the blood of one- to four-day-old sucklmg 
rats born of splenectomized or non-splenectomized mothers 
may also show the mfection 

Rnowles (1928) recorded GrahameUa m certam films of rats’ 
blood prepared by Parmanand of Bombay Up to eight 
forms per red blood-corpuscle were encoxmtered, while a very 
few lay apparently free and extra-corpuscular 

Habitat — ^Blood of rat Madkas, Madras , Bombay, Bom- 
bay 


270 Grahamella sp (Pig 159) 

*• Corps BartoneUiformes,” de Mello, 1928, pp 515—1 6, fig B, 29-38 


Intra-corpuscular bodies, bipolar, navicular, fusiform or 



Fig 159 — Grahamella sp (After de Mello ) 

Y 2 
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annular, the chromatm being concentrated into an excentnc 
nucleus or at the two poles 

Bemarhs — De Mello regards these bodies of doubtful 
nature, and intermediate between Orahamdla and Para- 
plasma 

Habitat — Blood of the ant-eater. Mams paniadaclyla Lmn 
PoRTTiGtrESE INDIA, Nova Goa 


Genus PARAPLASMA Soidehn, 1912 
” Soidolin bodies," Soidolm, 1911, pp 282-8 

Parap&wnia, Soidelin, 1012, pp 503-1, 1914 o,pp 203-8, Wonyon 
A, Low, 1914, pp 369—72, 1915, pp 5^6, Soidolm, 1915, 

pp 38-40 , Soitiohn. & Connal, 1915, pp 427-48 
“ Soidolm bodies,” Ti ompson, 1915, pp 479-82, Fowler, Simpson, 
Ross, Loishmnn, & Balfour, 1915, 3rd report. Cropper <SL Drew, 
1910, pp 20-4, doMoUo, 1917. pp 21-4 

Polymorphic intra-corpuscular bodies, rangmg from a small 
chromatic granule to large bodies conaistmg of a cliromatic 
granule with a shaft of cytoplasm 

Bemarls — Seidehn, who first described these bodies, con 
sidered them to be the causative agent of yellow fever, and 
named the orgamsra Paraplasma flavigennm Seidelm and 
Connal (1915) considered the organism to be capable of trans- 
mission by artificial infection, and claimed to have discovered 
naturally infected guinea-pigs in West Africa, which were 
supposed to be reservoirs of the disease Wenyon and Low 
(1914, 1916) refuted the parasitic view and showed that Similar 
bodies were found m guinea-pigs m England, and especially m 
young animals Finally, this latter mew w^as supported by the 
Yellow Fever Commission, who reported (1916) that P flavt 
genum was not an organism, and was not connected with 
yellow fever Cropper and Drew (1916) reported the occurrence 
of similar bodies m ancemic foetal blood 

271 Paraplasma sp (Fig 160 ) 

f” Soidolm bodies ” (?), do Mollo, do Sd, do Sousa, Dias, Noronha, 
1017, pp 21—4, pi II, figs 1—20 

Circular, vacuolated bodies occumng m groups of two, 
or four m red blood-corpuscles, or m the form of thm or thick 
bacilli or Vibnos 

O O©©00 

A B C D E F* 

Fig 160 — Paraplasma sp (After do Mollo and olliors ) 
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Rcmai Is — De MeIJo found these bodies in the blood-corpuscles 
of a man who liad never heeil outside India, but it is doubtful 
if the so-called “ Seidelm bodies ” are an independent organism 
Habitat — ^Blood of man PoBTUotnESE India, Nova Goa 


Genus ANAPLASMA Theiler, 1910 

“ Marginal points,” Smith Kilborno, 1893, p 177 
j4nop/fWwo, llieilor, 1910, pp 135-7, 1912 a, pp 319-38, 1912 6, 
pp lOI-lG, 1912 c, pp 193—207, Mincliin, 1912, p 383, 
Dms <L Arngao, 1914, pp 231—49, Cnrpano, 1914, pp 42—53, 
Ligni6res, 1914, pp 133— G2 , 1919 o, pp 558-66, 1919 6, 

pp 641-51, 1919 c, pp 774—9, Hognor & Taliaferro, 1924, 

pp 305-0, Wonyon, 1926, pp 1053-6, Knowles, 1928, pp 466-7 

Sphencal body of chromatin less than 0 5/z, m diameter, 
situated at or near the edge or towards the centre of the red 
blood-corpuscles Infection transmitted by a tick 

JtcmarLs — Smith and Kilbome (1893) m their studies on 
Texas fever of cattle recogmzed certam red-stainmg granules 
on the margm of red corpuscles (“ marginal pomts ”) and 
regarded them as a resistant phase of Habe&m bigemiiia 
Theiler (1910) recogmzed similar bodies m the blood of cattle 
m South Africa, and referred them to Anaplasma, a new 
genus of parasitic Pbotozoa The bodies are commonly found 
m association inth infections of H bigemtna and B mutai s, 
and Carpano (1914) considered them as resistant forms of 
Piroplasmata Dias and Aragao (1914) beheved that they are 
not true organisms at all, but a hmmolytic product Theiler 
(1912) and Ligm^res (1919) have described cases of pure 
mfectaon with these bodies Accordmg to the latter author, 
m true Anaplasma infections as many as 60 per cent of the 
red corpuscles may be mfected, and the infection is readily 
transmissible to clean cattle Infected cattle suffer from 
fever and an intense and progressive ansemia Laveran and 
Pranchim (1914) discovered them m numerous Mammals, 
such as rats, mice, rabbits, gumea-pigs, moles, cats, dogs, 
calves, pigs, and monkeys De Mello and his colleagues (1917) 
found them m human blood, and also m the blood of fishes, 
frogs, lizards, snakes, and birds, but did not regard them as 
Protozoa, considermg them to be haemolytic products 

272 Anasplasma sp (Fig 161 ) 

^Anaplasma, de Mollo, de S5, de Sousa, Dias, & Noronha, 1917, 
pp 17—21, pi 11 , figs 21-9 

Intra-corpuscular, oval or lanceolate, of small dimensions, 
and stainmg like chromatin , apparently not possessmg 
any cytoplasm 
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Remarks — ^De Mello and his colleagues (1917) found 
Anaplasmosis m the blood, of fishes, frogs, hzards, snakes, 
tortoises, and man Discnssmg the ongm of the so called 
Anaplasma, they came to the conclusion that they are not 
Protozoa, but are unquestionably due to haemolytic altera 
tions They regarded them as due to nuclear fragmentation, 



Fig 161 — AnaplaBma (After do MoHo and others ) 


which IS normal m Vertebrates with nucleated red corpuscles, 
or pathological, as m anaemias of Mammals 

Habitat — Blood of Perea fiuvtaiilts Lmn , Rana tignna Baud , 
Rana esculenta Lmn , Bemidactyhis hrooki Gray, Ooluher 
hlumenhachii Schlegel, Naja naja Lmn , Ghitra indica (Gray), 
and Homo sapiens Erxleben PoBTuauESE Inuia, Nova Goa 


273 Anaplasmasp 

■\Anaplasma sp , Knowles, 1928, p 467 
Habitat — ^Blood of Indian bats Bengai,, Calcutta 


Genus BERTAKELLXA Canm, 19^0 

Bertarelha, Caruii, 1930, pp 1312-13 , de Mello & do Jleyrelles, 
1937 6, pp 98-108 

Polymorphic mtra-corpuscular bodies, probably of a para- 
sitic nature , usually round or oval, vanable m size, 
of the size of cocci and the largest 1—2 p in diameter Stam^ 
with Leiahman’s or Giemsa’s stams, m the largest individuals 
the cytoplasm is stamed blue, usually with a chromatic grange 
stamed red The infected red blood-corpuscles are not altered 

274 Bertarelha calotis de Mello & de Meyrelles (Pig 162 ) 

^Bertarelha caloits, do Mello &, do Meyrelles, 1937 b, pp 98-108, 
pi XU, 2 text figs 

Circular bodies, with refrmgent greemsh cytopl^^ 
surrounded by a strong membrane, mtra corpuscular or tree, 
dmdmg by a process of budding Stained by 
or Giemsa’s stams they show a variety of forms they app 
either as a small round chromatic dot, of anajilu'^moid na ure, 



BERTAltELIilA 


327 


or like a vacuole devoid of any central granule or a small 
roundisli bod 3 ' surrounded hy a more or less strong membrane, 
takmg a chromatic stain, with a central nuclear granule 
The cytoplasm is stamed blue or greyish- blue, often surrounded 
bj’’ a white circular halo, without any granule at all or with 
a central chromatic granule or the nuclear mass may be 
located at the periphery attached to the membrane The 
infected red blood-corpuscle may have two or three of these 
parasites, and does not show any alteration 
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Fig 162 — BcriarcUxa calotxs de Mello & de Mevrelles A, aaaplasmoid , 
B, surrounded fay a vacuole , C, cytoplasm surrounded by 
a strong membrane , jD, cytoplasm contaimng a central 
chromatjc granule , E, cyhsplosm with peripheral chromatic 
mass F, with central and peripheral chromatic granules , 
<?, chromatic granule showing buddmg (After de Mello and 
de Moyrelles ) 

ItemarLs — ■Blood-smears fixed with Bourn’s or Schaudmn’s 
fluid and stained with Heidenham’s iron-ha3matoxyhn are 
said to have confirmed the structure as revealed by Romanow- 
sky’s stain, and have throtvn hght on the process of division 
The chromatic granule or nucleus becomes enlarged and takes 
a rmg form Later it becomes compact and gives origin 
t-o a small bud, whicb protrudes to the exterior, becomes 
covered by membrane and separated from the mam cell 

Mahiiat — Blood-corpuscles of Galotes versicolor Baud 
subspecies major Bljdih Pobtugtjese Ikdia, Nova Goa 

275 Bertarellia sp 

’fBerlarellia sp , de MoUo &, de Mejrelles, 1937 b, p 107 

Hahiiat — ^Blood of the Indian tortoise, Lissemys punctata 
granosa (Schoepff) PoRTiJGtrESE iNniA, Nova Goa 
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II Subclass CNIDOSPORIDIA Doflein, 

1901 

This subclass includes organisms which are amoeboid durmg 
the trophic phase, and of which dissemination takes place 
through resistant spores, which are provided with one to four 
polar capsules Each spore contains one to many sporoplasms 
or generative cells, and the spore-membrane may be complete 



Fig 163 — Some typical Cnidosporii)Ia and their epores A, Chloro- 
myxum leydigi Mmgazzuu , B, C, Leptotheca agrlts ThdJohan 
m different stages of locomotion , D, spore ^ the same , 
spore of Senneguya •psorosjp^ttnxca Th^iohan, stained 
section ect , ectoplasm , end , endoplasm , f g , fet- 
globulea , n , nuclei , pc , polar capsules , ps , pseudo 
podia , e , sutural plane , sp , spores , stps, stylar 
pseudopodium , v , vacuole (From Feichenow, after 
Doflem and Thdlohan ) 


or be bivalved or tnvalved Each polm* capsule contams 
a long coiled filament, which, when extruded, serves to attach 
the spore to the mtestmal wall till the amoshoid botty can 
escape from the spore and infect the tissues of the new host 
Schaudmn (1900) divided the Sfoeozoa into two sub- 
classes, the TEiiOSPOBiniA and the Neospobibia Th^Eno- 
SPOBIPIA include the Gbegariiuda, Coccidia, and H^o- 
SPOBIDIA, and are a uniform group, characterized by having 
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definite intracellular stages, schizogony, and, following upon 
conjugation of gametes, formation of oocysts wrthm which the 
sporozoites are formed The Neosportdia, mcludmg the 
Gnidospoeidia, SuicospoRiniA. and Haplospoeidia, do not 
form a natural group, nor have they much in common with the 
Telospoeidia In the NEOSPomDiA the life of an mdivtdual 
does not come to an end when reproduction takes place, but 
reproduction contmues throughout the trophic phase, the 
sporoblasts hemg earned about by the more or les'^ active 
organism, which may ultimately become a large mass of 
spores Among the Ckidospop.tdia the parasites may some- 
times he intracellular, but they usually reproduce by bmary 
fission, and the zygotes do not become encysted and do not 
produce sporozoites The S lECOSPOErDEi and Haplospopjpiia 
possess simple spores, and do not seem to be related either to 
the Cntoospoetdia or to the Teeospohidia 
Wenyon (1926) considers it justifiable to reserve the title 
Spoeozoa for the Telospopidia, to consider the C>"iDOSPOPrDiA 
as an mdependent class, and to regard SiECOSPOErorA and 
Hapeospoeidia^ as parasites of und^termmed position 
Reichenow (1929, 1935) regards TEEGSPoarot-v, C:otdo- 
SPOPEDiA, SAECospOPADEi, and HAPEOSPOErDLi as mdependent 
subclasses of Sfopozoa Kudo (1931) abo follows this 
arrangement, but places SAECOspoarDLi and Haplospoeidea 
m one subclass with the title AcymosPOEEDEA Calkin'^ (1933) 
regards Teeospop-tdia, C^tdospoeedia, and Acwxdospoeedia 
as classes of the subphylum Spoeozoa, 

C>'EDOSPOEEDiA are exclusively parasites of the Inverte- 
brates and the lower Vertebrates, and are responsible for 
causmg epidemics of infection among ammals of economic 
importance such as fishes, silkworms, and honey-bees There 
are no secondary or intermediate hosts. 

Following Kudo, the Citedospoeedia are aivided into four 
orders, as follows — 

I Spore large, tnemDrane bival-ved, two or [Butsciili, p 3‘10. 

four polar capsules visible ir. tizo . ... . Myiosporidia 

- Spore large, membrane trivalved, three dia- [Stoic, p. 346. 
tmctly visible polar capsules .. .. .... Actinomyxidla 

3 Spore small, membrane m. one piece, one [Balbiani.p. 346. 

(rarely two) polar filaments , mvTsible ^n tizo . MIcrcspondia 

4 Spore small, barrel-shaped , a thick filament 

coded beneath the spore-membrane , three [Kudo, p 360- 
sporoplasms , . . Heliccspcndia 
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I. Order MYXOSPORIDIA Butschli, 

1881 

The Myxosporidia are distingmshed by their characteristic 
spores, -which are of vanous shapes and dimensions Each 
spore 18 covered by a bivalved chitinous membrane called the 
spore-membrane, the two valves of which are imited in a 
sutural plane, which may be more or less straight or irregularly 
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Fig 164 — Some characteristic forms of spores of various MvxosporIdia 
A, Ceratomyxa iruncata Thdlohon. , B, ChloromyTxim 
lei/digi Mingozzmi , C, Sphierospora rostrala Thdlohon , 
D, Myxidtum procxrum Auerbach , B> Zsc/tol^ella admlo 
gnatht Kudo , F, Myxobolua carassii lilokntowa , G, Heme 
guya gurlcyi Kudo ( X 1500 ) (After Kudo ) 

curved The surface of the valves may be smooth or marked 
with ridges, and the form of the spore depends upon the shape 
of the valves and the presence of accessoiy appendages 
Withm the shell are polar capsules, which may be one, 
two or four m number and are usually situated at what is 
described as the anterior end of the spore In the family 
Myxidiidse there are two polar capsules, one near each pole 
of the spore Each polar capsule contams a coiled filament, 
which can be extruded through its pore The substance 
contamed in the spore, apart from the polar capsules, is 
designated the sporoplasm It usually contains two nuclei, 
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and m the family Mysobolidse an lodmophilous vacuole 
containmg glycogenous substance 'which stains mahogany- 
red with lodme 

When mtroduced mto the digestive tract of a fish, the 
sporoplasm leaves the spore as amoeboid ” planonts ” or 
wanderers These probably fuse together and grow into the 
characteristic trophic phase, the so-called multmucleate 
plasmodium Passmg through the epithehum of the gut, 
it enters the tissues of specified organs, grows mto a sohizont, 
and its nucleus divides repeatedly Some of the nuclei 
become surrounded by cytoplasm and form sporonts The 
sporont may be monosporous, disporous or polysporous, 
accordmg as it produces one, two or many spores 




Fig 165 — ^Developmentofthespore from the pansporoblast inJlfyawSoJus- 
pfetffen Thdlohan A, smglo propagatu e cell from multi- 
nucleate plasmodium , B, division to form one largo and 
one small cell , G, association of two pairs to form a group 
of two largo and two small cells , D, formation of six- 
celled stage , E, stage with fourteen nuclei, two of which, 
are the nuclei of tho original small cells , F, division into 
two bodies, each with six nuclei, while the nuclei of the small 
cells take up a position at the angles between them , 
(?, each sporo blast now divides mto three cells, two of which, 
each with a smgle nucleus and a \ acuole, are the capsulo- 
genous cells contammg the polar capsules, one with, two 
nuclei forms the binucleato amcebula, while the remammg 
two nuclei become penpherallj arranged and form, together 
with some cytoplasm, the^ valves of the spore , H, more 
advanced stage of one of the devolopmg spores , J, J fully 
developed spores (From Wenyon, after Keysselitz ) 
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Sporulation begins with a pecuhar process of endogenous 
or internal budding An island of protoplasm or pansporo- 
blast IS formed round two of the nuclei, which are usually 
dimorphic Each of these nuclei undergoes division until 
fourteen are present, seven from each of the ongmal nuclei 
The bud then divides into two cells, each of which is a sporo 
blast contaimng six nuclei, after one has been extruded 
Two of these six nuclei form the valves of the capsule {sporo- 
cyst), two form the polar capsules, ana twp remain as pro- 
nuclei, which subsequently fuse when the spore become® 
mature Thus the endogenous bud represents a zygote, 
and the ti^o original nuclei of the pansporoblast the pro- 
gametic nuclei The details of the process of sporulation 




6 

Fie 166 ■ — External appearance of Myxosporidion infection m fish 
A, head of the short headed red horse, showing the 
of Myxoholiis conspicuus Kudo, K i , B, the river chub, 
with cysts of Myxobolus squamosus Kudo, X blunt 

nosed minnow, with numerous cysts of Myxobolus aureatui 
Ward on the fins, x f (After Kudo ) 


differ m different species Neville (1931) has reviewed the 
previous literature and made an independent study of five 
different species He concludes that there are two types or 
nuclei, germinal and vegetative The gerimnal nuclei contam 
the diploid number of chromosomes, but after several diviSiOns 
undergo reduction, whereby the number of chromosomes is 

reduced to one-half , 

The simpler members of the order occur m various cavities 
in the bodies of their host, such as the gall-bladder, urmifer 
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tubules of the kidney or urinary bladder, and do not cause 
much harm to the host In other cases the parasites mvade 
the tissues, causmg them to degenerate, and give nse to 
tumours in muscles, central nervous system, etc , which are 
referred to as Myxospondian cysts and are visible to the naked 
eye, or the parasites may spread through tissue, giving nse to 
diffuse infiltration 

TheMYXospoRiDiA are parasites of cold-blooded Vertebrates, 
more particularly fishes Each species attacks one or several 
species of fish In the case of freshwater fishes they usually 
mvade the gills and the gall-bladder, while m the marine 
fishes they are usually found in the gall-bladder or the urmar3’’ 
bladder Whitish pustules visible to the naked ej’’e may 
mdicate the infection m the gills, and in the case of mternal 
organs there may be abnormal changes of form or colour 
but ordinarily mfection can only be detected bj’’ microscopical 
examination 

Doflein (1901) divided the order mto two suborders, Dis- 
POREA and PoLYSPORExV, but Kudo (1920) considers such 
a division an artificial one, as the number of spores produced 
bv any species is not alwaj’^s constant 

FoUowmg Kudo (1920, 1933) the Myxospobidia are divided 
mto three suborders, as follows — 


1 Largest diameter of the spore at right angles to the 

sutural plane , one polar capsule on each side of 
the plane , sporoplasm without lodmophilous 
\ acuole 

2 Spore spherical or subspherical, with one, two 

or four polar capsules , sporoplasm without 
lodmophilous i acuole 

3 Sutural plane of the spore comcides or forms 

an acute angle with the longest diameter , one 
or two polar capsules , sporoplasm Nvith or 
without an lodmophilous vacuole 


[Kudo, p 333 
Euryspores, 

[Kudo, p 335 
Spheerosporea, 


[Kudo, p 336 
Platysporea, 


s 


I Suborder EURYSPOREA Kudo, 1920. 

The largest diameter of the spore is at right angles tcf the 
sutural plane, tnth one polar capsule on each side of the plane 
Sporoplasm vithout loc^ophilous vacuole Vegetative form 
found m body-cavity The great majority are parasites of 
marme Fish Monosporous, disporous or polysporous 

Identificahon Taile of Famtli&s 

1 Typically ccclozoic, m marine Fish CeratomyxIdsB Doflem, p 334 

2 Histozoic or coelozoic, m fresh- 

water Fish Wardudsj * Kudo 
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Family CERATOMYXID^ Doflem, 1899. 

Typically coelozoic parasites of marine Pish 


Genus CERATOMYXA ThSlohan, 1892, emend 

Ceratomyxa, Th^lohan, 1802, pp 169, 171, 175, Labb6, 1899, 
pp 89-91 , Minchin, 1903, pp 289, 293, 295, 298 , 1912, p 408 , 
Kudo, 1920, pp 01-80, Wenyon, 1926, p 725, Knowles, 1928, 
p 324, Rojchonow, 1929, pp 1953-7, Kudo, 1931, p 306 , 
1933, pp 196, 199-201 , Calkins, 1933 p 567, Roiohonovr, 1936, 
p 386 

Spore arched, breadth more than twice the sutural diameter 
Valves of spore extended into long, lateral, corneal, and 
hollow processes Sporoplasm asymmetrically placed, usually 
not filling the mtrasporal cavity Monosporous, disporous 
or polysporous Generally in the gall-bladder or urinary 
bladder of marine Pish 


1 ( 2 ) 
2 ( 1 ) 


Key to Indian Species 
Spore crescent shaped, 14r-l5p by 4-6p 

Spore elliptical, 30-40 p by 10 p 


G gobioiden Chak , 

[p 334 

O Jiilsss CJjak , p 335 


276 Ceratomyxa gobioidesi Chakravarty 

'^Ceratomyxa ep , Ray, 1933 a, p 269 , 1933 b, p 349 
tGeraf07nya:a gobtaidesi, Chakmvarty, 1938 

Trophozoites more or less spherical, not showmg sharp 
demarcation between ectoplasm and endoplasm, pseudo- 
podia short and blunt Disporoue , spores crescent-shaped, 
valves symmetrical and termmatmg m blunt pomts, sirtural 
plane distmct Extra-capsular cavity filled finely 

granular sporoplasm Polar capsules equal and splmrica , 
situated on each side of the sutural plane, and provided wi 
distmct coiled filaments 

Dimensions — Trophozoites 500-650 (i m diameter, spo 
14-15 p m breadth, 4-5 p m sutural diameter , polar capsules 
2 5-3(1, polar -filament 15 p 

Remarls —Ray (1933 a, b) reported this species *om a 
number of estuarine fish, but did not publish ai^ desc p 
Ghakravarti (1938) has recently restudied the an 

described it as a new species He has kindly , 

see the manuscript of his paper prior to ’ 

to abstract the description of this and several other pe 

Habitat— Liver, gaU-bladder, kidney TneSo- 

Gobioides ndneundns Hamilton , -Rnch 1 

yaster fasciatus Schneider and Macrones gulto (Ham ) 

BengaXi. Calcutta 
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277 Ceratomyxa hilsae Chakra varfcy 
^Certaomyxa hilsm, Ghakravarty, 1638 

Trophozoites in large numbers in the gall-bladder of the 
host Disporous, spores often seen lymg side by side in a com- 
mon envelope Spores elhptical, valves tapering to blunt 
ends, sutural plane promment, dividmg the spore into equal 
parts Extra-capsiilar cavity filled with finely granular 
sporoplasm Polar capsules spherical, of equal sixe, provided 
with well-marked coiled polar filaments 

Dimensims — Spores 30-40 /x m breadth, 10 /x in sutural 
diameter , polar capsules 5 /x in diameter , polar filament 
35-40 p 

BemarLs — ^The above description is based on Chakravart3'’s 
paper m manuscript 

Hdbttat — Gall-bladder of Hilsa dtshu (Ham -Buch ) 
BengaXi, Calcutta 


II, Suborder 8PHMR0SP0REA Kudo, 1920, 

emend. 

Spore spherical, ■with one, two or four polar capsules 
Sporoplasm ■without lodmophilous vacuole Vegetative form 
found m bodj-’-cavity and tissues Monosporous, disporous 
or potysporous Parasites of marme and freshwater Pish 
and Amphibia 

Identification Table of Families 

1 With foiu" polar capsules . Chloromyxldaa Thelohan 

[p 335 

2 tVith. two polar capsules Sphffirosporidffi Davis, 

[p 33G 

3 With one polar capsule Unlcapsulidffi * Kudo 


1 Family CHLOROMYXIDxE Thelohan, 1892. 

Spore with four polar capsules Monosporous, disporous 
or polysporous 

Genus CHLOROMYXUM klmgazzmi, 1890 

Chloromyxum, Mingazzmi, 1890, p 160, Lnbbe, 1899, pp 94—6 , 
Mmchin, 1903, p 295, 1912, p 409, Kudo, 1920, pp 87-99 , 
Wenvon, 1926, p 726, Reichenow, 1929, pp 1058-9, Kudo, 
193b P 308 , 1933, pp 197, 202-3 , Calkms, 1933, p 568 , 
Ray, 1933, p 259 Reichenow, 1935, p 386 

Spore "With four polar capsules, grouped at the anterior end , 
surface often striated or "With ridges , sutural Ime often obscure 
Monosporous, disporous or polysporous Histozoic, or coelo- 
zoic m fi-eshwater' and marme Eish and also m Amp^bians 
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278 Chloromyxum amphipnovi Bay 

•\ChloromyTuirt ayrtphtpnovt, Ray, 1933 a, p 259 
•f Chloromyxum sp , Ray, 1933 b, p 349 

This parasite was reported by Ray (1933) as a new species, 
but no account of it has as yet been published 

Hahiiat — Gall-bladder of Amphtnous kuchta (Ham -Buch ) 
Bencai< Calcutta 


2. Family SPHi^EROSPORID^Fl, Davis, 1917 

Spore Avith two polar capsules Monosporous, disporous 
or polysporous 


Genus SPaSROSPORA Th^Iohan, 1892 

Sphiei ospora Th61ohan, 1892, p 167, Labb6, 1899, p 86, Miaohm, 
1903, pp 286, 293, 295, 298 , Kudo, 1920, pp 100-4 , Wenjon, 
2926, p 126, Roichenow, 1929, p 1059, Kudo, 1931, p 308 , 
1933, pp 197, 203 , Calkins, 1933, p 568 , Reichenoir, 1935, 
p 387 

Spore mth two polar capsules at antenor end Sutural line 
straight Monosporous, disporous, or polysporous Body- 
cavity and tissue parasites of freshwater and marme Tish 


279 Sphserospora sp 

fSph'^ro'^pora *5) , Southwell A Prashad, 1918, pp 34/-8 
Sphxrospora sp , Kudo, 1920, p 103 , 1933, p 203 


Remarls —The poor condition of the matenal did not allow 
of a complete accoiint of its structure being given, but the 
bicapsulate, rounded structure of the spore places it m is 

^^^ahitat —Cysts occurred in very large numbers, one under 
each scale of Barihus barna (Ham -Buch), from t evicuu y 
of the Ruby Manes Burma 


ni Suborder PLATY8P0REA Kudo, 1920 

Sutural plane comcides or forms an acute 
longest diameter One, two or four polar capsu P 
plasm mth or without an lodmophilous vacuole 

Id-entiUcaUon Table of Famthes 


1 (5) Without lodmophilous vaeuolo 

2 Two polar capsules, one at each 

polo 

3 One polar capsule 

4 Two or four polar capsules at 

anterior end 

5 (1) With an lodmophilous \acuole 


Idiidae Tli41ohan, p 
;omyxIda2* T6gerAHesse 


Poche 



p 340 



MYSTDrOM 


337 


1. Family MYXIDIID^ Thelohan, 1892. 

Spore fusiform or semicircular One polar capsule at each 
end. Sporoplasm without lodmophilous vacuole 

Key to Indian Genera 

1 Polar filaments long and fine 2 

2 (3) Spores fusiform, with pomted ends , [p 337 

polar capsules oppositely directed iMyxrDitTM Butschli, 

3 (2} Spores fusiform, usually with truncated [bach, p 339 

ends , polar capsules obliquely directed Zschokkella Auer- 


Genus MYXIDIUM Butschh, 1882 

Myxidium, Butschb, 1882, p 593 

Cystodiscus, Lute, 1889, pp 84-8 

Myxidvum, Labb6, 1899, pp 91-2 , Mmchin, 1903, pp 286, 288, 
295, 1912, p 409, Kudo, 1920, pp 108-18, Wenyon, 1926, 
p 726 , Reichenow, 1929, pp 1060-2 , Kudo, 1931, p 309 , 
1933, pp 197, 204—6 , Calkins, 1933, p 568 , Reichenow, 1935, 
p 387 

Spore fusiform, with pomted or rounded ends Polar 
capsules typically pyriform Polar filament comparatively 
"long and fine Monosporous, disporous or polysporous 
Typically ccelozoic, but also histozoic m marme or freshwater 
Pish, Amphibians or Reptiles 

Key to Indian Species 

1 (2) Spore elongated, fusiform, 10-12 m [p 337 

length M dantletiskyi La\ , 

2(1) Spore not fusiform 3 

3 (4) Spore oval, tapermg at each end to [p 338 

a blunt pomt, 16p. by 5p maeJaet Bosan , 

4(3) Spore o\oidal, 12— 15/x by 8 5— 10/i M glossogobtt Chak , 

[p 337 

280 Myxidium darulewskyi Laveran 

Myxidium dantlewskyi, Laveran, 1897, p 725 , 1898, pp 27-30, 
30 figs , Labb6, 1899, p 92 
jMyxtdium dantlewskyi, Laieran & Mesnil, 1902, p 609 
Myxidium dantlewskyi, Mmchm, 1903, pp 275, 294, 346 , Kudo, 
1920, pp 109—10 figs 255—7 , 1933, p 204 , Reichenow, 1935, 
p 387 

V egetative phase not knoivn Disporous Spores elongated, 
fusiform, .sometimes a httle meurved Polar capsules small, 
situated at the extremities 

Dimensions — ^Length of spore 10/£ 

Habitat — ^Erom the kidney of the tortoise, Chincmys 
reeiesi (Gray) Ceylok 


281 Myxidium glossogobii Chakravarty 

\Myxtdium glossogobii, Chakravarty, 1938 

Vegetative form not observed Spores elongate oval, 

SPOE z 
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valves not striated Space ontside the capsule filled entirely 
with uniformly granular sporoplasm, containing several black 
dots in the fresh condition Polar capsules one at each end 
of the spore, spherical at first, hut ovoidal after the extrusion 
of the polar jBlament Openings through wluch filaments 
are extruded are marked by elevated areas of the shell just 
m fiont of the polar capsules ' 

Dimensions — Spore 12-16/1. in length, 8 5-10/i m breadth , 
polar capsules 3 1-4 1 p , polar filament 40-50 /i 
Remarks — ^Description is based on Chakravarty’s paper in 
manuscript 

Habitat — Gall-bladder of Ghssogohius giwis (Ham -Buoh ) 
Bengal, Calcutta 

282 Myxldium mackiei Bosanquet (Pig 167 ) 

1 JH'j/andtMm TJioctici, Bosanquet, 1910, pp 43(>~8, figs 7-13 

The vegetative phase does not ordinarily exhibit a distmction 
between ectoplasm and endoplasm , m a few cases where the 




Pjg 167 —Myxidium macUtt Bosanquot A, vegetative P*'®®® "J; 

contact xntK cells of a renal tubule , spore {- 
Bosanquet ) 

whole organism was converted mto spores there was a cuticle 
or cyst-waU Cytoplasm contams a large number ot nuciei, 
apparently of two varieties, some vesicular, others smaller 
and compact Spores formed m pairs, at many , . 

taneously, rdtimately the whole mass hemg ^ 

spores A portion of the cytoplasm becomes ro 
and lies in a definite space mthm the parasite P 
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(disporoblasu ?) con.tc.rned in one insfzc.ce 10 ncclei. bcti 
IT seems Kkely that 12 is the fhH nnmber of nnclei in the- 
disporoblast, as the final sporoblasts into •?rhich this divides 
appear to contain nsnally 6 nnclei Of the 6 nnclei of the 
sporoblast 2 go to form the valves of the sheath^ 2 attacir 
themselves to the polar capsules and 2 remain m the sporo- 
plasm. The tivo iast-mentioned nuclei mav fuse mto one. 
In the sporoplasm tivo large vacuoles are ofren seen, one near 
each polar capstde Both ends of a spore taper to a blunT 
point and the spore-coat is markedly striated. 

D'meTisimLS — Spores average 16 fs. in length by fi a in breadth 

BemcrLs — The description is based on sections of the fcidnev 
of the host prepared by T Percival Macfcre in the Bcmtay 
Bacteriological Laboratory 

Hab-tat — Kidn ey of the tortoise. Tricv.,)jx- (jcv^‘niciLS Cuvier r 
BoiEBAT. Bombay 

2S3 Myxidium sp. 

-[ZTvx'dium. sp , Ray, 1933 b p. 349 

Ealilat.. — Gall-bladder oiClarias icfrzchus Cuvier & Valene . 
ScxcobravcJiu? fostilis (Bloch ) . O'pht'^ivvlKslti-s vw^cLtus 
Bloch - Bengal, Calcutta * gall-bladder of KcxTbw^ am'ih' 
(Gray), Liscemr/s punctata g^ncsa (Schoep:T) ubtnrsD- 
Peotxsces. Allahabad and Geomuda tnjuga (Sch'sveigger) . 
ilABEAS, iladras 


Genus ZSCHOSSELLA Auerbach. 1910. 

Z^choVieUa^ Auerbacn. 1910 Kudo, 19E0, pp. 122-3? Tv'en.pcn. 
1926, p. 727. Reicheno-v IS29, p. 1002 : Kudo, 1931,. p. 310 ? 
1933, pp. 19S. 206 Ce lkms 1933. p 56S , Reiccenov-. 19 53. 
p 387. 

Spore semicircular m front vievr , ellipsoidal in profile : 
ends pointed. Sutural Ime much curved. Polar capsules 
large and spherical ; polar filaments long and fine. Ulono- 
sporous. disporous or polysporous. Typically cceloaoie 
parasites of fresh- and salt-irater Pish. 

284 Zsehokkella prashaci Bay. 

fZxhoLLelTa praanadz, Ray 1333 a, p. 259. 
fCpatodiscus (ZachokkslZcz) sp , Ray 1333 6, p 349 

This parasite was reported by Ray (1933) as a new^ snecies 
but no description has so far b^n published. 

Hc5"’tat — Gall-bladder of Bxcfo mdcno^tzc£7i.f Schneid-, 
Bana tigrina Baud. ; Bemgai:, Calcutta , also gah-bladder of 
Insscmys punctata grancsa (Schoepfr) i Uy irv-v P^ovrycns. 
Allahabad. 
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2. I’amily MYXOBOLIDi$I TIi6iohan, 1892. 

Spore \nth one or two polar capsules at the anterior end 
with or Without posterior processes Sporoplasm with an 
lodmopiulous vacuole Majority polysporous m fieshwater 
Eish 

Key to Indian Genera 

l' (2) Each valve of sporo prolonged mto a [p 344 

long process HENKEQtnrA Thelohan, 

2 ( 1 ) Valves without posterjor processes .3 (p 340 

3 (4) Spores ovoidal , two polar capsules Myxobolus But^hh, 
4(3) Spores pyriform , one polar capsule Thebohakelbus Kudo, 

tp 342 

Genus MXYOBOLUS Butschh, 1882 

Myxobolus, Butschli, 1882, pi xxxviii, figs 6-10, Labbd, 1899, 
pp 97-101 , Kudo, 1920, pp 58, 128-58 , Wens'on, 1926, p 727 , 
Reichenow, 1929, pp 1668-72, Kudo, 1931, p 312 , 1933, 
pp 198,208-10, Calkins, 1933, p 668 , Bejchenow, 1935, p 388 

Spore ovoidal, flattened Shell without posterior processes 
Two pyriform polar capsules at the anterior end Sporo- 
plasm with an lodmophilous vacuole This genus includes 
many species , the majority are polysporous and tissue- 
parasites of freshwater Fish, but a few are known from manne 
Fish, an Annehd, and an Amphibian 


Key to Indian Species 


1 (4) Spore with unequal polar capsules 

2 (3) Spores oval, 12 4-16/1 by 8 2-10 /i 

3 (2) Spores spherical to oval, 7 21—8 24^ m 

length 

4 (1) Sporo with equal polar capsules 
6 ( 6 ) Spores ovoidal, 9/i by 7 2fi 

6 (5) Spores spherical, 13 /x m diameter 


2 p 340 

Jtf calbasut Chak , 


IP 341 

M mrtgal-te Chak , 

5 [A, Prosh , p 341 

M nodulans Southw 
Jlf sp , Southw , 

[p 342 


285 Myxobolus calbasui Chakravarty 

■\Myxoholus sp (part), Kay, 1933 6 , p 349 
^Myxobolus calbasui, Chakrav'arty, 1938 

Trophozoites spherical to oval Polysporous Spores oval, 
rounded at the posterior and pomted at the anterior end, 
sutural plane distinct Sporoplasm occupymg the posterior 
region of the spore Polar capsules pyriform, one smaller 
than the other Coiled polar filaments well marked, imequal 
in length when extruded A spherical lodinophilous vacuole 
present , 

Dimensions — Spore 12 4-15 /t in length, 8 2-10 ft m breadth , 
polar capsules 6 IS ft by 412/a and 4 12p. by 3 09/i, polar 
filaments 125 /x and 60 /x respectively , lodmophilous vacuole 
4 1 ft in diameter 

Remarks — Description is based on Chakravarty s paper 
m manuscript 
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SabitfU — Ovary and liver of Clartas hatrachns Cuvier & 
Valenc , gdls of Katla Latla (Ham. -Buch ) , liver of Gtrrhina 
mrigdla (Ham -Buch. ) , and gall-bladder of Labeo caJbasu 
(Ham -Buch ), Labeo rohiia (Ham -Buch ), and GiTrhma 
mngala- (Ham -Buch ) Bekgai., Calcutta 

286 Hyxobolus mrigals Chakravarty 

"^Mj/xobolus mrxgalm, Chakravarty, 1938 

Cysts oval, on the scales of the host, perforated, and con- 
taimng large number of mature spores Polysporous Spores 
spherical to oval, valves thick, exhibitmg several triangular 
markmgs m front view Sporoplasm situated at the posterior 
end of the capsules Polar capsules pjTiform, unequal m 
size, divergent, and containing distmct coiled filaments 
An lodmophilous vacuole is present 

Dimensions — Cysts 75-1 5 mm in length and 75-1 mm 
m breadth, spores 7 21-8 24ft, polar capsules 5 15 ft by 
3 09 ft and 3 09 fi by 2 06 fr , polar laments 41 2 ft and 20 6 /t 
respective!}’’ 

Remarks — ^Description is based on Chakravarty’s paper m 
manuscript 

Habitat — Scales of Girrhina mngala (Ham -Buch ) Bengal, 
Calcutta 

287 Myxobolus nodularis Southwell & Prashad (Rg 168 ) 

■fZIyxobohw nodularis, Southwell &, Prashad, 1918, p 347, pi xi, 
figs 32-6 

if ya»6oZtts Modutons, Kudo, 1920, p 153, 1933, p 209 

Cyst rounded or shghtly elongated, creamy-yellow m colour 
Spore ovoidal Suture between valves thick Two polar 
capsules Polar filament very much coiled 



Fig 168 — Spore of Myxobolus nodularis Southwell & Prashad 
(After Southwell and Prashad ) 

Dimensions — Cysts from 3 5 to 3 8 mm m length and 

2 3-2 8 mm m breadth , spores 9 ft by 7 2fi , polar capsules 

3 4ft m length, filament 18 3ft m the extruded condition 
Hc^itat — ^Muscles of Rasbora daniconi-us (Ham -Buch ) 

Bengal, Mirpur, Dacca 
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288 Myxo&olus sp 

\Myxobolus sp , Southwell, 1915, pp 312-13, pi xxvi, hg 3 
Myxobolus sp , Kudo, 1920, p 161 , 1933, p 209 

Ofst soft, flattened, roughly oval or lenticular, milky-wlute 
on colour Spore 'VPith two equal polar capsules, with a very 
short anterior tail-hke process lodinophilous vacuole present 

Dimensions — Cysts up to 1 1 mm , spores 13 p by 13 p , 
polar capsule 4ft by 4p. 

Hahit^ — Subcutaneous intermuscular tissue of Bashora 
damcomus (Ham -Buch ) from a stream near Katnvan 
United Provinces, Mirzapore 


Genus THELOHANELLUS Kudo, 1933 

Myxobohts (part), Butschh, 1882, pi xxxvui , Lahbd, 1899, pp 97- 
101 , Kudo, 1920, p 132 , Wenyon, 1926, p 727 , Roiohenow, 
1929, pp 1068-72. Kudo, 1931, p 312, Calkins, 1933, p 668 
Thclohanellua, Kudo, 1933, pp 198, 210 

Spore pyriform , flattened One polar capsule at the 
anterior end Sporoplasm with an lodmophilous vacuole 
Histozoic in freshwater Pish 


Key to Indian Svtcies 


1 (2) Cyst oval to cylindrical , spore 30-32 y. 
by 7-8 y . 

2(1) Cyst elongated, ellipsoidal, spore 
13 2-13 6/1 by 10 1-10 3 p 


fPrashod), p. 342 
T rohitiD (Southwell & 
pPrashad), p 344 
T sem (Southwell <L 


289 Thelohanellus rohitse (Southwell & Prashad) (Fig 169 ) 

•f myxobolus rohtUe, Southwell & Prashad, 1918, pp 344—7, pi 
fixTS 1““27 

T/ielo/ianellus roliiiix. Kudo, 1020, p 132, 1933, p 210 


Cysts oval to oyhndncal, -with the long axis of the ^st 
parallel to the gill-filaments, creamy-yellow in colour ine 
wall of the cyst is formed of a vertically striate p 
showmg no nuclei, covered externally by a „ 

to three layers thick, and hned mtemally by an 
layer showing a coarse granular structure and wi 
nuclei In the endoplasm two kmds of imcle ’ 

viz , the vegetative and the generative ^ ggHg 

in rounded cells called pansporoblasts P ^ j nucleus 

They are rounded m shape, tvith a n^^rgmally ^thated nucleus^ 

and Vary in size from 6 to lift The frrS 

sporoblast divides mitotically ^f^^nfhpr-uansporoblast, 
nuclei can be distmgmshed in the m ^^Sner-cell, and 
besides two nuclei for the pansporoblast mother 
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reduction nuclear chromatin particles lying free m the 
cytoplasm of the mother-cell The pansporoblast ultimately 
Divides mt-o two daughter-cells or sporoblasts, each with five 
nuclei , two of these umte later to form the nucleus of the 
sporoplasm, one forms the nucleus of the polar capsule and 
the other two are for the spore-membrane A fuUy formed 
spore IS an elongated pear-shaped body, roimded posteriorly 
and acutely pointed anteriorly The spore-wall consists of 



Fig 169 — Thelohanclhis rohitic (Southwell & Prashad) A, gill with 
cysts, 15, young sporo, <7, niaturo spore (After Southwell 
and Prashad ) 


two valves , the suture is a distmctly tlnckened ndge lymg 
parallel to the long axis of the spore There is onl}’’ one 
polar capsule m each spore, with a long and much-coiled 
polar filament An lodmophilous vacuole is present 
Dimcnst07is — Cj'sts 3 1-3 8 mm by 0 8-1 2 mm , spores 
30-32 fi by 7-8 /a , polar capsule 22-23 p. in length 
Habitat — Gills of Labco rohifa (Ham -Buch ), fi-om Turag 
Kiver Be^tgal, Mupiu-, Dace? 
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290 Tiielohanellus seni (Southwell & Prashad) (Fig 170 ) 

^Myxoholua sent, Southwell & Prashad, 1918, p 347, pi x», figs 28- 
31 

Tkelokanelliis Kudo> 1920, pp 132-3 , 1933, p 210 

Cyst elongated, ellipsoidal, whitish, with black scattered 
granules on the surface Spore oval, pointed at the anterior 
end and much wider behind Two valves, suture slightly 
thickened Polar capsule single, with a much-coiled filament 
lodmophilous vacuole present 



Fig 170 — Spore of Thelohanelltta sent (Southwell A Prashad) 
(After Southu ell and Prashad ) 

Dimensions — Cysts 4 7-5 4 mm by 2 9-3 7 mm , spores 
13 2-13 6^ by 10 1-10 3p.', polar capsule about 4|x m length, 
filament 43 ft m the extruded condition 

Habitat — On the median and caudal fins of Labeo rohta 
(Ham -Buch ) Bengal, Mirpur, Dacca 


Genus HENNEGUYA Thdiohan, 1892 

Henneguya, Thelohan, 1892, pp 167, 176 , 1895, p 352 
Myxoholua (part), Gurley, 1893, p 418 , Cohn, 1896, pp 227-72 
Henneguya, Labfae, 1899, pp 101—4 , Minchm, 1903, pp 286, 296, 
1912, pp 409, 426, Kudo, 1920, pp 158-73, 198-9, Wenyon, 
1926, p 728, Beichenow, 1929, pp 1059, 1072, Kudo, 1931, 
pp 312-13, 1933, pp 198, 210-12, Calkins, 1033, p 508, 
Beichenow, 1935, p 388 

Spores ovoidal , flattened With a smgle or double caudal 
prolongation Two pynform polar capsules at the anterior 
end Monosporous, disporous or polysporous Sporoplasm 
contains an lodmophilous vacuole Mostly histozoic (a fev 
ccelozoic) parasites in fireshwater Fish , one species m 
a marine Fish 


£ei/ to Indian Species 

1 (2) Cysts attached to the gill filaments of 

the host H ophiocephah^a^ , 

2 (2) Cysts m the bulbus arteriosus of the [p 

host H otohthi Gonapati. 
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291 -Henneguya ophlocephali Chakravarty 

^Hennegttya sp , Ray, 193^ b, p 349 
fHcnneguya opJitocephalt, Chakravorty, 1938 

Cysts spherical, attached to the gdl-jBlaments of the infected 
host Polysporous Spores ovoidal or oblong, mth the 
anterior end rounded and broader and the posterior 
tapermg and forming a tail which is bifurcated along its 
entire length Polar capsules elongate, with anterior end 
pointed and provided with a coiled filament, one capsule 
sbghtly smaller than the other An lodinophilous vacuole is 
present 

Dimensions — Cysts about 2 mm m diameter , spore 
16 4-20 5^ in length, 6 15/^ m breadth, tail 28-32^ , polar 
capsules 6 18/x by 2 06/1 and 6 18/i by 2 06/1 respectively, 
polar filaments 26—32 /i 

Remarks — Description is based on Cbakravarty’s paper m 
manuscript 

Habitat — Gills and muscles of Ophwcephalus punctatus 
Bloch Bengal, Calcutta 

292 Henneguya otohthi Ganapati 

fHennegut/a sp , Ganapati, 1936, p 204 , 1938, p 155 

The affected area presents numerous white pustules, which 
are cysts contauung the spores Trophozoite shows a clear 
differentiation mto ectoplasm and endoplasm, and vegetative 
and generative nuclei are present Pansporoblasts origmate 
by divisions of smgle generative cells Each pansporoblast 
gives rise to two spores Autogamy occurs The phenomenon 
of diffuse infiltration seems to be much pronounced, brmging 
about considerable pathological changes 

Remarks — ^This is the second record of a Myxospondian 
mfectmg the heart, the previous one bemg that by Keyssehtz 
of Myzobolus cordis from the ventricle of Barbus fiuviatibs 

Habitat — ^Tissue parasite in the bulbus arteriosus of Otohthus 
ruber {B1 Schn ) and O maculatus (Kuhl & Hass ) Mahkas, 
Madras 
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II. Order ACTINOMYXIDIA Stoic, 

1899 

The organisms included m this order are characterized by 
spores of complicated structure Each spore has its membrane 
or shell composed of three valves, -which may be drawn out 
into simple or bifurcated processes It has three polar 
capsules, and the polar filaments are -visible in vivo Several 
sporoplasms occur in each spore 

They are parasitic m the body- cavity or the gut-epithelium 
of fresh-water or salt-ivater Annehds, but have not been 
studied m India 

Identification Table of Families 

1 (2) Spore with a double membrane , 

outer tnvalve and the inner a 

emgle piece A single bmucleato [=TetractInomyxIda 5 

sarcoplasm Haploacfinomyxidffi* Granata 

2 (1) Sporo-mombrane a single tnvalve 

shell A single eight nucleate or [=TrIactinomyxidiB 

eight uninucleate sporoplasm Euactlnomyxldas* Granata 


III Order MICROSPORIDIA 
Balbiam, 1882 

Intracellular parasites typically of Arthropods and Eishes 
Pseudopodia and amoeboid movements have rarely been 
observed Multijphcation takes place by schizogony, and the 
resultmg agametes are small, uninucleate bodies -with mdefimte 
outlines Successive nuclear dmsions, not accompamed 
by cell-di-vasion, lead to chain formation These ultimately 
give rise to sporulatmg mdmduals or sporonts Sporont 
develops into one to numerous spores The spores are 
relatively small and less complex than those of Myxospowdia 
They are ovoidal or bean-shaped The spore-membrane is 
usually of a smgle piece and envelops the sporoplasm, and 
the polar filament is very long and fine The filament may 
be contained m a polar capsule or he coiled m the spore 
In rare cases there may be Wo capsules and filaments m 
a spore 0-wing to their small size, the polar capsules and 
filaments are invisible or obscure in the hvmg spore, but 
can he rendered -visible upon treatment ivith alkahes Inter- 
mediate hosts are unkno-ivn 
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The Jife-Iustory of Stcmpdba maffTia, as descnbed by Kudo, 
may be regarded as typical When the spore reaches the 
mid -gut of the Cuhcme host, the polar filament is extruded, 
the unicleate sporoplasm creeps out, enters a fat-cell, and 
reproduces by ^vision (fig 171, A) The products of this 
division become multmucleated, with four to eight nuclei (jB) 
These chams then break up mto bmucleated cells, the nuclei 
of which discard some chromatm and fuse together in pairs (C) 
The sporonts thus formed may give rise to a smgle spore (ZJ), 
or divide to form two (E), four (F) or eight (Q) sporoblaste 



Fig 171 — ^Diagram showing the probable do\elopmont of a tjfpical 
Microspondian, StempeUta magnet Kudo, x 800 A, amoa- 
bula coming out from the spore m the mid gut of Cuh- 
cme larva, B, stages m schizogony or nuclear increase , 
G, sporont formation , D-O, formation of one, two, four 
or eight sporoblasts , H, transformation of a sporoblast 
mto a nucleated spore with polar capsule (After Kudo ) 

Each of these forms a single spore after chromidia formation 
and reconstitution of small nuclei has taken place {H) 

The Micsbospobtdia are responsible for causmg devastatmg 
epidemics in silkworms, honey-bees, and certam fishes AH 
the tissues of the host may become infected, and the tissue- 
cells destroyed on an extensive scale Many species cause 
tumour-hke masses to he formed m which the orgamsms may 
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be encapsuled in a membrane derived from the host , in others 
the membrane may be wantmg 

Perez (1905) subdivided the Mioeospoeidia into tivo sub- 
orders, ScHizoGENEA (or Oligospor^a) and Beastogenea (or 
POEYSPOBEA) In the former the prmcipal trophic phase is 
a uninucleate meront -which multiplies by fission, and flnallj’’ 
gives nse to a sporont , and m the latter there is a multi- 
nucleate plasmochum producmg sporonts by mtemal cleavage 
As the exact structure of the trophic phase m many forms 



Fig 172 — ^Effects of Microsporidian infection upon cortam hosts 
A, central nervous system of Loplnus piscatonm infected 
by Nosema lophtt (Dofioin) , B, Ssh showing a heavy 
i^ection by Ohigea hertungi Woissonberg , C, a Culicmo 
larva infected by Thelohama opacita Kudo, X 8 , D, a 
Stmuhum larva infected by TheldJtama multxspora (Stnek- 
land), X 6 , E, F, normal and hypertrophied nuclei of 
the adipose tissue of larvio of Citlex ptpicns, the letter an 
affected by Stempellta magna Kudo, x 750 (After Kudo ) 

IS not known ivith certamty, the Miorospokieia are now 
generally dinded, follo-wmg linger and Hesse (1922), mto 
t-wo suborders, as follows — 

1 Spore with a single polar filament 21Ionoonld03lr6goi^B[csso,p, 348 

2 Spore with two polar filaments Dicnldea L6gor A Hesse, p 300 


I Suborder MONOGNIDEA Leger & Hesse, 

1922. 

lIiCROSPORiDiA m which the spore is provided with one 
polar filament typically coiled m a polar capsule 


1 

2 

3 


Identification Table of Families 


Spore oval, ovoid or pyriform , if sub- 
cylindrical, length less than four times 
the breadth 

Spore spherical or subsphencnl 
Sporo tubular or cylindrical, length greater 
filial fi\o limes the breadth 


[p 349. 

Nosoniatida)iabb6, 

CodcosporldiB • Kudo 
(Hesse 

Mrazeklldse* Lcgcr A 
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Family NOSEMATTD^ Labbe, 1899. 

Spores oval, ovoid or pynform , if subcylindncal, length 
is less than four times the breadth 

Key to Indian Genera 

1 (2) Sporont becomes a smglo sporoblast [p 349 

forming a single spore Nosema Nageh, 

2(1) Sporont develops mto eight sporoblasts fneguy, p 356 

and ultimately mto eight spores . . Theiohakia Hen- 


GtenuB NOSEMA Nageh, 1857, emend P^rez, 1905 

Nosema, Nageh, 1857, p 760 

Olugea (part), lliolohan, 1895, p 356 

Myxocystis, Mrdzek, 1897, pp 1—5 

Nosema (part), Labb5, 1899, pp 105-8 

Nosema, ilinchm, 1903, p 297 , P4rez, 1905, p 17 

Myxocystis (part), MiAzek, 1910, pp 245—59 

Nosema, filmchm, 1912, p 418 , Castellam & Chalmers, 1919, 
p 629, Kudo, 1924 c, p 65, Wenyon, l]926, p 738, Knowles 
1928, pp 324—30 , Koichenow, 1929, p 1088 , Kudo, 1931, 
p 320 , Calkins, 1933, p 669 , Keichenow, 1935, p 389 

The vegetative form divides by multiple or binary fission 
into unmucleate roxmded bodies or sporonts, each of •which 
gives nse to a smgle ovoid or pynform spore, which is not 
enclosed m a capsule 

Key to Indian Species 

Spores oval, 3 y by 1 I y In bed-bugs N adiei (Christophers), p 349 
Spores egg shaped, 3-4 y by 1-2 y In 

silkworms . N bombycis Nagel* p 351 

Sporeaoval, upto 1 5p In dog-fleas N cicnocephalilSxido, p 354 


293 Nosema adiei (Christophers) (Fig 173 ) 


fLejshmann— Donovan bodies, Adie, 1 922 o, p v 
Bodies found by Mrs Adie m sahvary elands of bed-bui?, Chnsto- 
phers, 1922, p v 

fBodies observed m Cimex rolundalus, Adie, 1922, pp 236-8, 
pi IV, figs 1-4 

t-Nosemo odtei. Short & Swaminath, 1924, pp 181-4, pi xm, figs 
Nosema adtei, Kuo irles, 1928, pp 225,330, Iyengar, 1929, p 140 


Spores elhptical or oval, with sharp and distmct boundary 
wall They stam a rather pale, washed-out blue, tnth a central 
dot which may he of a deeper blue or red colour, and both 
kmds may occur m the same mtracellular group Planonts 
irregular m shape Cytoplasm stains a bnght shade of slate- 
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blue, and possesses a large mass of chromatin, usually excentn- 
calJy placed Usually seen singly, and not defimtely ratra 
cellular Planonts come to rest in some suitable nidus, round 
off, forming meronts, which undergo schizogony Meronfs 
rounded or ovoid C^oplasm stains a cobalt blue and there 
may be one or two comparatively large masses of chromatin 
which may be central or excentric 




Fig 173 — Nomm adta (Chnstophers) A, spores , B, plononts , 
G, meronts (After Short and Swammnth ) 


Dimensions — Planont about 16pm diameter, 
3 2 p by 2 7 p, spore 3 p by 1 7 p 
HabUat— Gut, salivary glands, 
rotundatns Linn6 Assam 


meront 


and ovaries of Gimcx 
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294 ^osema bombycis Nageli (Fig 174} 

Nosema bombj/cts, Nageli, 1857, p 760 
Panhistophyton ovatum, Leborfc, 1858, pp 149—86 
P4brme corpuscles, A de Quatrefages, 1860, pp 1—638 , Pasteur, 
1870 pp 1-327 

Microspondie, Balbiani, 1884, pp 150—68 

P^bnno corpuscles, Wood-Mason, 1887, pp 1-3 , PfeiSer, 1888, 
pp 469-86 

Glugea bombya^, Thdlohan, 1894, pp 1425— 7 , 1895, pp 357-8 
Nosenus hombycis, Labbe, 1899, pp 106—7 
Ohtgea bombycis, Toyama, 1900, pp 1—40 

Nosema bombycis, Mmchin, 1903, p 297 , Leger & Hesse, 1907, 
p 6, Stempell, 1909, pp 281—358, Mmchm, 1912, pp 411, 
413-14, fig 172, Omon, 1912, pp 108-22, Kudo, 1913, 
pp 368-71 , 1916, pp 31-51, 1918, pp 141-7, 1924c, 

pp 69-76, figs 1—39 , fig 757, text-figs B2, D 
fiV’osenio bombycts, Hutchinson, 1920, pp 177-245, pis i-xxvi 
JVoffciTJO fcoOTiycj^, Wenj on, 1926, p 736, fig 313, Knowles, 1928 
pp 324—30, figs 72-5 
fA’oscw-a bombycis, Iyengar, 1929, p 140 

Nosatrui bombycts, Reichenow, 1929, pp 1088-^90, figs 108>- 9 , 
Kudo, 1931, p 320, fig 137, cr, 5, Beichenow, 1935, p 389, 
fig 43 

Spore egg-shaped, -vrith the anterior end somewhat narrower 
than the otier It contains two vacuoles, one near the antenor 
and the other near the postenor end The single polar capsule 
hes axially in the spore, occupjung its ■whole length, and contains 
a long polar filament wound spirally m its interior The sporo- 
plasm forms a cj*toplasmic girdle round the polar capsule, 
separatmg the two vacuoles and placed shghtly nearer the 
anterior pole of the spore It contains at first a single nucleus 
which later divides into two and then into four When the 
spores are mgested by a silkworm, the polar capsule ruptures 
m the lumen of its gut, and the polar filament is extruded, 
attaching the spore to an epithehal cell This explosion of the 
polar capsule can he artificially brought about by treating the 
spores m some infected material with dilute acidp or lodme 
solution, or even by pressure between qovershp and the slide 
When gennmation of the spore takes place, the sporoplasm 
or amoehula creeps by amoeboid movement along the polar 
filament to an epithehal cell, which it invades The planonts 
multiply by bmary fission (fig 174, A), become distributed 
throughout the body, enter tissue-cells, and become meronts (JB) 
These meronts are spherical or oval in shape, and divide 
actively by fission {(7) or by multiple di-sasion (D) The host- 
cell finally becomes completely fiUed with schizonts Each 
meront ultrmatelj'’ develops into a spore {E) The spores are 
set free by the dismtegration of the host-cells, and are taken 
with the food into the digestive tract of another host-larva, 
where the two nuclei of the spore divide onCe, giving rise to 
four nuclei {F) The polar filament is extruded (G) and later 
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becomes detached The bmucleated sporoplasm creeps out 
through the openmg Of the capsule (If), and the remaining two 
nuclei degenerate ui the spore The two nuclei m the nmcebala 
fuse into one and the uninucleate pJanont is formed The 
entire hfe-cycie may be completed in four days 

Dimensions — ^Planont 0 5-1 5^ in diameter , meront about 
3-5 /X m diameter, spore 3-4/i by l-2/i, polar capsule 
1 5~2fjL by 0 8-1/i, length of extruded :^ameiit 57-72p, 
or even up to 98 /a 
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■Pic 174 — Life c-vcle of Noscma bomiycts Nfigoli I, O'UrncoIiular 
^ BtaEBS H, intracellular stages A, planonts , B. 

C, binary fission ofroeronts, D, multiple diviaionofmeronta , 
stages in spore formation , F, npe m 

giifc of a new host, G. extrusion 

&, araoebula leaving tho spoio (From Kudo, ftUcr 
Sfcempoll ) 

Ttermrls — Ohshima (1927), discussmg the tunction of the 
polar filament of the spore df Nosema 

as soon as filament extrusion is accomplished in the nuagu 

of a silkworm tho spore discharges 

the tube of the filament, wliicli remains banging 

Sop at the extremity of the filament He has 

f1Q^7) that the polar filament is a gemiinatio 
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into the epithelium, and the germ is safely poured out there 
through the tubule of the filament, protected on the way from 
the digestive ferment of the canal The viscous fluid is the 
amcebula itself The iTLew previously held of regardmg the 
polar filament as an attachment apparatus is thus con- 
tradicted 

Pathogenicity — ^The organism causes a widespread disease, 
m siUcworms, known as p6brme, or by various other names in 
different countries In India it is locally known as CJota 
The disease spreads among the host-larvie and to the offsprmg- 
through the ova, causmg disastrous epidemics and entailmg 
huge economic loss to the siUrworm industry The outbreak 
of such disastrous epidemics m France and other countiies 
of Em ope, in the middle of the last century led Pasteur to 
make his classical researches into the nature of the disease 
and the mode of its control 

Lightly infected larvae do not shou defimte S 3 rmptoms, but 
the hea-^y infected ones move about sluggishly, lose their 
appetite, grow slculv, and succumb to death before pupation 
The cocoons spun by the infected larvae are ver^ thin and 
poor m quality In advanced stages of the disease irreguhr- 
shaped dark brown or black spots appear over the surface of 
the host-body, particularly on the postenor ventral side 
The internal organs show a milky-white appearance due to 
the presence of a large number of spores 

The eggs of the host may become infected while developing 
m the infected ovaries of the female moth, or the spores may 
be taken by the host-larvie mto their digestive tract with 
contaminated food The fecal matter of the infected host- 
larvse is the most dangerous source of infection, as the con- 
tamed spores are easily spread over the mulberry leaves on 
which the silkworms feed The disease can, however, be 
controlled by elumnatmg both sources of mfection Infected 
eggs and all stages of the host-msect showing the least sign 
of infection must be destroyed as soon as possible by frequent 
and careful inspection 

Hutchmson (1920) has made a study of the disease as it 
occurs m India He has shown that pebnne spreads rapidly* 
m Indian silk farms and is a much more acute problem 
than m Europe He has further shown that hght infections 
can be identified by dissectmg out the gut of the moth and 
exammmg the posterior part of the colon, where hght infections 
are usually located A far greater proportion of infected 
moths can thus be detected than by the Pasteur method 

Habitat — All tissues of eggs, larvae, pupae, and images of 
Bombyx mom Fabncius. 

SPOK 


2a 



354 


SPOEOZOA. 


295 Nosema ctenocepliali Kudo. (Fig 175 ) 

■\Nosema puhas, Korko, 1016, pp 725-30, pi Ix-ni 
Nosema ctenoccphah, l^xido, 1924: c,pp 105-C, pl i,flgs 17S~82 , 
Ijengar, 1929, p 140 

Spore oval, refractile m fresh state, \?ith one or two vacuolar 
spaces at the poles, and with an actively mobile sporoplasm 



r,g 1 .. 

its cxtrcmitv (a, sporocjst , diMSion of moronts 

magniBcd) . <7, colony of pl~ts , A^d|^imon^ot 

to form a clinin like group , , filanient (After 

to form a cluster, N. capsule and polar filament t 

' Korko ) 
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By addition of ireak acetic acid or iodine water thfe movement 
mthm the spore is accentuated and results in the extrusion 
of the polar filament The detached filaments are dehcate 
threads, sometimes nodular The filament issues through 
the pore of the sporocyst and, as it breaks off, the amcebula 
emerges through the pore In stamed preparations the 
amoebuljB are seen as minute bodies "with irregular outhne, 
suggestmg the possession of pseudopodial movement durmg 
life The planont is a mmute globular orgamsm , when 
active its movements are fairly rapid, a blunt pseudopodium 
bemg extruded m one direction only Division takes place 
by bmary fission Planonts collect into groups or colonies 
of varymg numbers of mdividuals 

After penetration mto a cell the mobile planont becomes the 
oval meront The meront is larger than the previous phases, 
has homogeneous cj'-toplasm, with a centrally or excentncaUy 
placed retractile spot It forms generations of merozoites, 
either by bmary fission formmg cham-hke groups (fig 175, D) 
or by multiple fission forming small clusters of cells (fig 175, E) 
Tlie final product of the dl^^slon of the meront is a sporont 
vhioh forms the sporocyst, polar capsule, and polar filament 
The spore is recognized by its egg-shaped outhne and by the 
presence of one or tuo vacuoles at either pole In stamed 
films can be seen, in addition, a cystic wall contammg two 
panetal nuclei, a polar capsule and polar filament, and the 
sporoplasm The polar capsule is a hollow pear-shaped body 
'Contammg a spually trnsted thread, and a capsulogenous 
nucleus situated at its broader end The sporoplasm contams 
a smgle nucleus and no vacuoles 

Dimensions — ^Planont 0 75-1 ^ , spore up to 1 5 ft. m length , 
length of extruded filament 25ft 

JRemarLs — ^Heavily infected larvse are dark and mottled 
in appearance, owmg to the presence of the Nosema,, and are 
thus easdy distmguished 

Korke (1916) descnbed the species as N pulicis, probably 
in Ignorance of the fact that NoUer (1912, 1914) had already 
described a species of that name from the dog-flea m Glermany 
As the dimensions of the spores are quite different m the 
two forms. Kudo (1924) has given the name N denocephalt 
to the Indian form 

Habitat — ^Digestive tract of the larv® of the dog-flea, 
named by Korke GtenocepTialiis felts (Bouche), probably 
GtenocepTialus cants (Ourtis) Punjab, Kasauh 
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Genus THELOHAHIA Henneguy, 1892 

Thdohama, Hormeguy, m Thdlohan, 1892, p 174, Gurlov 
p 410, Th^lohan, 1895, p 361, Labb4, 1899, pp 111-12 ' 
Mmchm, 1903, pp 285, 297, 320, P<5rez, 1005, p 17, MincimL 
1912, p 418, CastoUani & Chalmers, 1919, p 529, Kudo, 1924c 
pp 67, 130-63, Wenyon, 1926, p 738, Reichonow, 1929 
p 1102, Kudo, 1931, p 321, Calkms, 1933, p 569, Reichonow! 
1935, p 390 


Each, sporont develops into eight sporoblaats and ulti- 
mately mto eight spores The sporont-membrane may 
degenerate at diJBferent times of development 


E’ey h) Indian Species 

1 (4) Spores oval, with equally rounded ex 

tremities ... 2 

2 (3) Spore 4-5 2fx.hy 2 4-2 8 p . T xndxca Kudo, p 366 

3(2) Spore 4 75-6 p by 3-4 p T Icoers Hesse, p 367 

4 (1) Spores broadly oblong with dissimilar 

extremities, showing a small Icnob at 
one end and a clear oblong space at 

the other, 4 5-6 p by 3-3 5p T obscura Kudo, p 359 


296 Thelohania indica Kudo (Eig 176 ) 

■^Thelohama sp , Iyengar, 1929, p 138 
■fThelohanta indxca. Kudo, 1929, pp 3—4, j6g8 19-50 

The schizonts are elongated bodies contammg four to eight 


Fig 



-Thelohania tndica Kudo A, tetranucleate schizont, 
B, octonucleato schizont , C, division into 
seiuzonts , D-F, stages m formation of sporont , O, ^ 
ront , H, sporont inth eight sporobh^ts , I, ^oront with 
mature spores , J, stained spore (After Kudo ) 
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298 Thelohania obscura Kudo (Eig 178 ) 

-[Theloliama 8p , lyongnr, 1929, p 138 
fT/ido/iania obscura. Kudo, 1929, p 4, figs 61-61 

Developmental stages not studied Sporont octosporoblastic 
(fig 178,4) Spores, ivhen viewed m "water after decolonzation, 
are broadlj’" oblong, often with dissimilar extremities, with 
a thm membrane contammg vithin a rounded mass of homo- 
geneous and refractile protoplasm showmg a small knob 
at one end and a clear oblong space at the other The stamed 



ABC 


Fig 178 — Tketohama obscura Kudo A, sporont containing eight 
sporoblasts , B, j oung spore , C, mature spore B and C 
stained with Giomsa’s stam (After Kudo ) 

spores show a nucleus near one end and a coiled polar filament 
forming an oblong mass {B, C) 

Diviemwns — Spores measure 4 5-5 p bj’" 3-3 Sfj. 

Remarks — The record of T leg&ri from India and the 
descriptions of T indtca and T obscura are based on matenal 
sent to Kudo by IM O T Ij'engar from Bengal As remarked 
by the latter, these parasites form v hitish translucent masses 
beneath the cuticle of the thorax and the anterior abdommal 
segments of the larvaa The infected segments show hyper- 
trophy Kone of the larvje shovang these symptoms meta- 
morphosed, ard all died before pupation Those that are 
hghtiv infected uould be able to metamorphose into adults 
Habitat — Larva of Anopheles zariina Iyengar Bengal 

299 Gen et sp incert 

Protozoan, Ross, 1906, p 104 

Thclohama (’) sp , Kudo, 1921, p 71 , 1922, pp 71-2 

Gen et spec incert , Kudo, 1924 c, p 194 

Eight spores were seen to be closely packed "withm an oval 
envelope Spores were oval, refractive, apparently hard, with 
a circular vacuole at one focus of the elhpse 
Habitat — Kerve-cord of imago of Stegomyia sp and Gulex 
faitgans Wied India 


358 


SPOEOZOA 


each of which develops into a spore (7) When the spore reaches 
the gut of a new host-larva the filament is extruded (7) and 
the sporoplasm emerges as an amoebula, startmg the develop 
ment agam ^ 

Dimensions — Meronts 3-4p, in diameter, sporonts 9-lOii 
by 4-6/i. , spores 4 75-6 (jl by 3-4/Li 

Demarks — ^Iyengar (1929) described the life-cycle of Tkeh 
hania sp from Anopheles pseudojamesi Stripldand & Chowd- 
hurj’- {=A ramsaijt Coveil), and found it similar to T leqen as 
described by Kudo The measurements of the spores as 
recorded by him also fall within the hmits of this species 



r 


Pig 177 —Life cycle of Theloltama Icgcn Hesse A, youngest stage ? 

B, formation of schizonts , C, large scliizont watli lour 
nuclei , D, formation of binuclente forms , E, eporont , 
F, G, H, nuclear division of sporont to form binucleate, 
tetranucloato or octonucloat-o stages , I, paMPoro as 
ivith eight sporoblasts , J, spore uith oUnided filament 
(After Kudo ) 


TTaftifei— Adipose tissue ceUs of larvte of AnopM^ 
harbirostris Van der Wulp, A annulaus Van der Wulp 
fuhginosus Giles), A varuna Iyengar, A hyrmnios f> 
A ramsayi Coveil, and A suhptclus Grassi (=A rossi Oriies; 

Bengal 
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29S Thelohania oiscura Kudo (Fig 178 ) 

'fThclohania sp , lyongar, 1929, p 138 
fThelohama obscitra. Kudo, 1929, p 4, figs 51-61 

Developmental stages not studied Sporont octosporofclastic 
(fig Sporesj-wlien viewed mTvater after decolonzation, 

are broadly oblong, often with dissimilar extremities, with 
a thm membrane contammg witlnn a rounded mass of homo- 
geneous and refractile protoplasm shoivmg a small knob 
at one end and a clear oblong space at the other The stamed 




ABC 

Fig 17S — 2'hclohania ohscura Kudo A, sporont containing eight 
sporoblasts , B, young sporo , C, mature spore B and C 
stained with Giomsa’s stain (After Kuno ) 

spores show a nucleus near one end and a coiled polar filament 
forinmg an oblong mass {B, C) 

Dtmamons — Spores measure 4 5-5 /x. by 3-3 5fi 
Bemarl^ — ^The record of T legen from India and the 
descriptions of T indica and T obscura are based on material 
sent to Kudo by O T Iyengar from Bengal As remarked 
by the latter, these parasites form v hitish translucent masses 
beneath the cuticle of the thorax and the anterior abdommal 
segments of the larvte The infected segments show hyper- 
trophy Xone of the larvae shovung these symptoms meta- 
morphosed, and all died before pupation Those that are 
hghtlv infected would be able to metamorphose into adults 
Habitat — ^Larva of Anopheles laruna Iyengar Bengal 

299 Gen et sp incert 

Protozoan, Ross, 1906, p 104 

Thdohama (’) sp , Kudo, 1921, p 71 , 1922, pp 71—2 
Gen ot spec inceit , Kudo, 1924 c, p 194 

Eight spores were seen to be closely packed ivithin an oval 
envelope Spores vere oval, refractive, apparent^ hard, with 
a circular vacuole at one focus of the elhpse 
Habitat — ^Nerve cord of imago of Stegomyia sp and Gulex 
fahgans Wied India 
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II Suborder DICNIDEA Leger & Hesse, 

1922 

IMiceosporidia in -v^hicli the spore is provided \nth tvro 
polar capsules, one at each end, each containing a polar 
filament 

The suborder includes the single family Telomyxidai* 
Leger & Hesse, 1910, but no representative has been recorded 
from India up to the present tune 


IV. Order HELICOSPORIDIA 
Kudo, 1931 

Mmute spore, composed of a tlim membrane of one piece 
contammg three uninucleate sporoplasms, aroimd i^hich is 
coiled a long, tluck filament Young trophozoites are lustozoic 
or cmlozoic, undergo schizogon}*, and produce unmucleate 
sporonts The sporont divides tmce and forms four small 
cells, each of uluch develops into a spore 

The order has been created by Kudo (1931) to mcliide the 
species Hehcospxrxdtum para^xitcim Keihn from the body of 
certain insects The structure of the spore is qmte peculiar, 
and the species %vas previouslv referred to HIpiospopidia 
Accordmg to Kudo it seems to be be^^t; placed in the Cxino- 
sroEiDiA if it os a Protozoan 
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III Subclass 8AM008P0RIDIA 
Butschb, 1882. 

These are typically parasites of the muscles of mammals, 
although birds and some reptiles are also knoum to harbour 
them They usually affect the striped muscles of the skeleton, 
tongue, larynx, and diaphragm L 3 nng between the muscle- 
fibres are thm-walled, rshitish, tubular cysts termed IVIiescher’s 
tubes, which are the remains of an infected muscle-fibre, 
the membrane of which is distended over the sac containing 
the parasites They are generally visible to the naked eye, 
and often very large When examined microscopically each 
is seen to consist of an envelope, from which partitions run 
inward, dividmg the interior into a number of chambers 
contammg vast numbers of crescent-shaped spores, the so-called 
“ Eamey’s corpuscles ” The spore is rounded at one end and 
pomted at the other , it contams a nucleus near the rounded 
end and a collection of deeply stammg chromatinic grams 
near the pomted end Laveran and Mesr^ described a stnated 
structure at the pomted end which several workers considered 
as suggestmg a rudimentary polar capsule, but recent authori- 
ties do not regard it as such 

The spores are taken into the digestive tract of a specific 
host through the mouth The spore-membrane ruptures, 
settmg free the sporozoite, which enters the gut-epithehum 
After multipljung there the orgamsm makes its vay into 
the muscular tissue At first there is an elongate multi- 
micleate mass, vhich may or may not divide mto uninucleate 
bodies and which become the centre of infection in other 
muscle-fibres Some of these trophozoites grow m size, and 
the body becomes divided into chambers, mside which spores 
are formed 

Development has been studied chiefly m expenmentaUy 
infected mice b 3 ’’ Erdmann (1910, 1914), Negn (1910), and 
Crawley (1916), and m sheep by Alexeieff (1913) Smith 
(1901, 1905) vas the first to demonstrate that mice could be 
infected bj^ feedmg them with the flesh of other infected 
mice Negn (1910) and Darhng (1910 a) showed that gumea- 
pigs could be infected with the parasite of rats, and Darling 
also pomted out that the forms m gumea-pigs are morpho- 
logically identical with those from man Erdmann (1910) 
infected mice with the parasite of sheep Wenyon (1926) 



362 






^OUo- 


’^04 






^^fiety 


SS-:SiS?3^ss>.. --^ 








»’« «fr V°&-. 


ive 


saZ?® are ^^^resuu^'^ted YMvy ,„■ 

^^bbits^Oixtiah°^y^tin ' 

^'°‘'<i^rSAr. ■' ^*”*cai“4« 

^ac-os^Q. ' ' 


•'“‘^"af'S-J.n 





SABCOCYSTIS 


365 


Family SARCOCYSTID^ Babudieri, 1932 

Genus SARCOCYSTIS Lankester, 1882 
Sarcocysti^, Lankoster, 1882, p 54 

Sarcoci/siis-hBalb^ama+Altcscherta, Blanchard, 1885, p 244 
Sarcocystjs, Labbe, 1899, pp 116-19, Minchin, 1903, p 308, 
Minchin, 1912, pp 419-22 , Castellam Chahners, 1919, 
pp 630-3 , Wenyon, 1926, pp 760-9 , ICnowle'?, 1928 
pp 333-7 , Reichonow, 1920. pp 1120-7 , Kudo, 1931, pp 326-8 , 
Calkins, 1933, pp 555-G , Reichenow , 1935, p 304 

With the characters of the family 

The cysts are to be found in practically all body-muscles , 
m Rummants they are found specially in the oesophagus, m 
other ammals m the heart, mtercostal or abdommal muscles 
The cyst-ivall ma}’’ be produced entirely by the parasite 
(as m Sarcocyshs muns) or in part by the host (as in S tenella) 
The cyst is divided mto chambers, the peripheral ones contaming^ 
pansporoblasts or sporoblasts, while the central ones contam 
mature spores The mature spores have neither polar capsules 
nor polar filaments They shov a very granular nucleus, 
a thin cell-membrane, and manj' metachromatic granules m the 
cytoplasm 

IManj' species have been recognized as occurrmg m man, 
sheep, cattle, horses, rats, and mice on the basis of occurrence 
m different host-species and slight difference m the dimensions- 
of the spore , but they are othervnse morphologically mdis- 
tmguishable 

300 Sarcocystis blanchardi Doflem, 1901 (Fig 179 ) 

Sarcoajshs blanchardi Doflem, 1901, p 221, figs 197, 198 
‘^Sarcocystis tenella, Shipley 1904, pp 45—7, pi i, figs 10, 17 
■^Sarcocystis tenella bitbahs, Willej, Clialiners, <L Philip, 1904, 
pp 65-72, figs 1, 2 ^ 

■\Sarcocystts sp , Chattorjee, 1007, pp 77-8 

Sarcocystis tenella bubah Wenyon, 1926, p 768 

Sarcocystis blanchardi, Wenjon, 1926, p 768 

Sarcocystis tenella, Wenj on 1926, pp 760, 768, fig 329 , Knowles, 
1928 pp 333-6 

Sarcocystis blanchardi, Reichenow, 1929, p 1123, figs 1126, 1127 ; 
1935, p 392, fig 46 

Cysts somewhat pomted, though not very sharply, at either 
end, or both ends tnmeated, the thickest portion hemg m the 
middle The covermg of the cyst consists of two sheaths, the 
outer one bemg contmuous and the inner formmg partitions 
which divide the cyst mto a number of polyhedral chambers 
■with granular contents The peripheral chambers are com- 
pletely filled with fine granulations and stain deeply The 
- central chambers are empty or contam spores Spores are 
mmute crescent-shaped bodies with granular contents 

I tmenstons — ^The largest cysts measure 30 mm m length 
5 mm m breadth, ana 3 mm m thickness 
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Rermrhs — Shipley (1904) and Willey, Chalmers, and 
Philip (1905) first described the sarcospondial infection in 
bufialoes m Ceylon According to Wenyon as many as four 
species have been named by different observers from the 
buffalo, but these are probably identical, and Eeichenow 
recogmzes only 8 blan^iardi Chatter^ee (1907) found the 
cysts and spores of Sarcocyshs sp m the heart-muscle of a cow 
He did not find fine radiations round the capsule The spores 


Fig 



—Sarcocystis hlanchardt Doflem A, tr^s%'erso section , 
B, longitudinal section of the infected muscle ^res of 
a young indn idual (o, muscle fibre , b, parMito) , C, 
tudmal section tlirough a portion of the cyst in the 
gus of cattle (a, muscle fibre , b, cyst n^mbrane . 
of the muscle fibre , d, spores , c, partition w^ls between 
tho chambors) (From Wnsiolowslu, after Van Eeci^o 1 


were grouped in loculi, hut distmct alveolar partitions could 

not be made out , , _ 

HabitaL—Muscles of buffalo, Bos bubalns Lum ’ 

heart-muscle of cow. Bos indicits Lum Bengal, Calcutta 
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301 Sarcocystis lindem&nni (Rivolta) (Pig 180 ) 

?, l/indemann, 1863, p 426 , 1865, p 382 

Qreganna lindemanm, Rivolta, 1878, p 12 , Haden, 1883, p 326 , 
Blanchard, 1885, p 244, Evo, 1889, p 444, Taigofc, 1889, 
p 444 

SarcocT/stts homtnts, Rosonbm^h, 1892, Baraban & St Remy, 
1894, pp 79-82, figs 1-6 



A 

Ftg 180 — SarcoGifSlts Itndemannt (JSiivolta) A transrerse sections 
of mfected muscle fibres , C, mcLi\ndual spores (After 
Vasudevon ) 

Sarcocystis lindsmanm, 'Lal>b6, 1B09, -pp 117—18, Slmchm, 1903, 
p 351 

t<Sarcoci/sfia sp , Darlmg, 1919, p 98 
Sarcocyslta hndcmanm, Hegner & Taliaferro, 1924, pp 373-4, 
figs 139 6, 140, Wen5on, 1926, pp 767-8 
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■\Sarcocy8tts sp , Vasudevan, 1927, pp 141-2, pis xxm, \'xiv 
figs 1-9 ' ’ 

Sarcocystts lindcmanm, Knowles 1928, p 336, fig 77, 2, 3 
Reichenow, 1929, pp 1123, 1125, fig 1128, Kudo! 1931.’ 
p 328 , Reichenow, 1935, p 394 

The cysts (the so-called “ Miescher’s tubes ”) are just 
visible to the naked eye as very thin, long, •whitish streaks in 
the muscle-fibres and running parallel to them The sheath 
proper is clear and homogeneous External to this is a false 
sheath formed by compressed muscle-fibres shoirang clearly 
their nuclei and stnation Erom the true capsule numerous 
septa run mto the cyst, dividmg it mto a number of partitions 
and givmg a honeycombed appearance On cruslung one 
of these cysts numerous tmy curved bodies or spores are 
liberated These spores are some'what crescentic and pomted 
at both ends No termmal filaments could be seen The 
nucleus m each spore is oval, placed along the long axis 
either in the centre or, more commonly, subterminally In 
some spores near one end is a stamed area which at one time 
•was supposed to represent a polar capsule No vacuole is 
present 

DimeimoTis — ^In the case of human sarcospondiosis observed 
by Baraban and St Remy Miescher’s tubes •were from 150 to 
IGOO/x long and from 77 to 168/a m thickness, Vasudevan 
gives 5 3 cm as length and 322/a as thickness Spores are 
8 33/a m length and 1 66/a'm ividth, the nucleus m the spore 
measuring 3 33 /a by 1 66/a 

BemarJ^ — ^The cysts of this parasite are much thinner and 
longer than those of S mieshertuna, and are just •visible to the 
naked eye The spores also are smaller and both ends are 
pointed instead of one end bemg blunt as m that species 

The parasite described by Vasudevan (1927) is of special 
interest, as only six or seven cases of sarcospondial infection 
have previously been recorded m man 

Habitat — l^Iuscles of a man Madkas, Madras 
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n. Order GLOBIDIA Babudieri, 1932. 

Spores fusiform containing large siderophil granules in the 
centre Cysts occur exclusively m the intestmal submucosa^ 
inside a hypertrophied host-cell, mth a peripheral nucleus 
^^o toxm secreted 

Family GLOBIDID^ Babudien, 1932. 

With the characters of the order 

Genus GLOBIDIUM Flesch, 1884 

Glohidium, Flesch, 1884, p 459 , Labbe, 1S99, p 72 , Minchin, 
1903, p 350 

Gastrocyslis, Chatton, 1910, p 114 

Franco i- Borges, 1916, p 269 

Globtdium, Wcny on, 1926, -pp 76^73, Knowles, 1928, pp 337— S , 
Eeichenov.-, 1929, pp 905—7 , 1935 p 394 

Cysts spherical, up to 5 mm m diameter, embedded m the 
mucosa of the ahmentary canal or skm of mammals Each is 
enclosed by a membranous capsule and, when full grown, con- 
tains groups of spores which resemble those of Saecospobidia 

Remarivs — ^Flesch (1883) observed the infection m the horse , 
Chatton (1910) in sheep and goats , Gilruth and Bull (1912) 
m the kangaroo, wallaby, and wombat , Kupke (1923) m the 
horse , Wenyon and Scott (1925) m the wallaby , and Henry 
and Masson (1932) m the camel There is great divergence 
of opimon as regards the systematic position of the genus 
Wenyon (1926) considers it as closely related to SAECospOHiurA, 
Reichenow (1929) places it m an appendix after Gkegaeenida, 
and Henry' and Masson (1932) regard the genus as large Coc- 
GTDiA, while Hobmaier (1922) beheved that the parasites 
included m the genus are fungi, and not Peotozoa at all 
Babudien (1932) placed it m a separate order of the subclass 
Saecospobidia Emgk (1934) has descnbed the development 
of macrogametes, rmcrogametes, and schizonts of Glohidium 
cameh and pointed out the similarity to that of Coccidia 

302 Globidium fusiformis Hassan, 1935 (Fig 181 ) 

■\Qlobidtum fusijormts, Hassan, 1935, pp m.—1, pis vm— x. Ware, 
1937, p 35 

Sphencal protoplasmic bodies, varjnng m size, the smallest 
with a smgle nucleus and the largest with as many as forty- 
eight or more nuclei m a smgle optical plane The parasite is 
at first mtracellular m the gastro-mtestmal epithehal cells, 
hut later the tissues form a thm capsule round the mass 
The colony becomes mtracellular and is pushed towards the 
subepithehal connective tissue Ultimately the cysts are 
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liberated m the lumen of the organ The centrally situated 
smgle nucleus grows and undergoes division, and the many 
nuclei become arranged round the periphery of the cyst 
Fmally projections repreaentmg the extremities of margmally 
situated spores appear to adiate round the periphery of the 
spherical body In a freshly ruptured cyst twenty or more 
spores are seen lymg parallel to one another. Spores are 
elongate, spmdie-shaped, and slightly curved, one end bemg 
mote finely pomted than the other The nucleus la oval, 
vesicular, and situated near the rounded end of the spore 
In the centre of the spore is a round chromatin mass which 
stains intensely, and mmute granules of chromatm are also 
irregularly distnbuted on both sides of the nucleus 
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Fic 181 —ffMtdium/usi/ormsHassan , 4 ,multmucloatodoyfcoplosniio 
bodies, B, a stage m the development of the spores, 
O', cluster of spores from b freshly ruptured cyst , m 
dividual spores (After Hassan ) 


Dimcnswns — Cysts measure 60-90^ in diameter , spores 
are 13 u by 2-2 6 u, the nucleus measuring 3 26^ by 2 26/t 
Remarks —The parasite was examined m the dried feces ot 
a cow, and it is not certain if the form is morpholo^cahy 
distmct from O desnoiit of the cattle and G faurei {G gilnithi) 
of the sheep and goats 

Habitat — ^Fmces of cow, Bos tridicm Lmn Punjab, Gurgaon 


303 Globidmm sp 

Sarcocijsltamacropod,s.Gi]mfh&.Bn\\.m2,vv 432-60, pis Ixxu- 

aiohidivm sp , ■VVon 3 'on, 1926, p 773 
faiob 7 dtum sp , Knowles, 1928, p 337 

Remarks -Gilruth and Bull (1912) recorded the ^echon 

m the kangaroo, wallaby, and ™ m 

(1928) mentions that Acton observed a case mfeofron in 

a wallaby in the Zoological Gardens, Ahpore, Calcutta, but 

a description does not appear to have been Calcutta 

Habitat — ^Alimentarj'^ canal of a wallaby Bengab, 
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IV. Subclass HAPLOSPORIDI A Lube, 

1900. 

Haflosporidia are characterized by the presence of large 
spores, each containing a single volnmmons nucleus, but no 
polar capsule, and showing a simple type of development The 
young parasite is an amoebula, which at first multiphes by 
fission The nucleus of each daughter-cellmultiphes repeatedly 
and produces a multmucleate plasmodium The plasmodium 
may divide (plasmotomy) or produce merozoites (schizogony) 
or form spores The spores are produced from sporoblasts, 
each formmg a smgle spore, or from pansporoblasts, each 
givmg rise to a number of spores Infection is earned by the 
spores, which produce amosbulie and start a new generation 
The spore is sphencal or elhpsoidal, and is covered by 
a resistant membrane which may be marked by ndges or 
tubercles, and may be prolonged mto a tail-hke process 
In a few species the spore-membrane possesses a hd, which 
opens to allow the unmucleate sporoplasm to emerge as an 
amoebula 

The subclass mcludes parasites of certam Invertebrates, 
chiefly Annelids, and Fish They float freeb’’ in the body- 
cavity fimd of the Invertebrates or infest the tissue cells, such 
as those of the mtestme In Fish they attack the gills or other 
tissues, giving nse to white nodules One species occurs 
m the Malpighian tubules of the cockroach The genus Bkino- 
spondtum, species of winch form httle cj'sts m the nasal 
cavities of man and horse, used also to be mcluded m this 
subclass, but the studies of Ashworth (1923) have shown that 
it IS not a Protozoon but a fungus 
Debaisieux (1916, 1920) has shown that certam species of 
Haplospondttim CauUery & Mesml and Berlramta Caullery & 
Mesml should be mcluded with the ikliCROSPOBiniA, while 
Gcdosportdtum Crawley is not a Sporozoon In his new 
BLaplosporidia should be abandoned as a separate group 
For classification of the HAPLOspORtDiA, CauUery and 
Mesml (1905) and Pidewood and Fantham (1907) mav be 
referred to The latter divided the IlAPiosroRii>rA into two 
sections — ^the Oij:gosporui.ea, m which each pansporoblast 
produces only a small number of spores or a single spore, 
and the PonYSPORunPA, in which the pansporoblast gi\ es nse 
to many spores, either successively or almost simultaneously 
INo one has as yet studied Hapiospobidia m India 
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DouI)tful Protozoa 

Genus RHINOSPORIDIUM Mmchin & Fantham, 1905 

Rhinosportdium, Minchin & Fantham, 1905, pp 521-32 , Rljnchui 
1912, pp 424-5 , Casfcellam & Chalmers, 1919, pp 533-4 ’ 
Ashworth, 1923, pp 301-42, Hognor A, Taliaferro, 1924, pp 375 ! 
7, Wenyon, 1926, pp 776-8, Knowles, 1928, pp 338-42 
Roicfaenow, 1929, pp 1136-7 ' 

Orgaiusms giving nse to polypi, especially in the nose, of 
human beings and horses Beheved for a long time to belong 
to Haplospoeidia, but now generally recognized as a fungus 

304 Rhinospondium seeberi (Wernicke) (Fig 182 ) 

Coccidiuni sccbcri, Womicko, 1900 
?, O’Kmoaly, 1903 a, pp 109-12 , 1903 b, pp 43-4, 1 pi 
^Rhinospondium kincalyt, Mmchm A Fantham, 1905, pp 621-32, 

pis XXX, XXXJ 

Rhinospondium secbtri, Mmchm, 1912, pp 424-5 
‘^Rhinospondium kinealyi, Tirumurtj, 1914, pp 703-19 
j-Rhtnosporidnim sceberi, Caatellam A Chalmers, 1919, pp 633-4, 
fig 190, Ashworth, 1923, pp 301-42, 5 pis 
Rhinospondium seeben, Hognor A Taliaferro, 1924, pp 376-7, 
fig 141 , Wenyon, 1926, pp 777-8, figs 335, 336 , Reichenow, 
1929, pp 1136-7, fig 1141 

The youngest forms are sphencal bodies, about 6ft m diameter, 
embedded m fhe cytoplasm of connective tissue cells, with 
chitmoid. envelope, vacuolated c3d:oplasm, and a vesicular 
nucleus contaimng a karyosome Grotvtii is accompamed 
by nuclear multiplication and the cytoplasm becomes laden 
with numerous food-granules When the parasite is about 
100ft m diameter and has about 128 nuclei the chitinous en 
velope becomes much thickened by the deposition of cellulose 
on the inner surface except at one pomt where the future 
pore -will be formed Nuclear divisions contmue, and when 
there are about 4,000 nuclei the cytoplasm divides mto rounded 
cells, which divide tAvice to form about 16,000 young spores 
within the sporangium In the mature sporangium there are 
usually fully developed spores in the centre, and small, immature 
ones arranged peripherally The fully-formed spore has a 
ohitmous envelope, a vesicular nucleus with a karyosome, 
and cytoplasm containing one to sixteen refringent spherules 
of reserve food matenal The spores are sphencal or oval 
They are discharged in hundreds through the pore of the 
sporangium, and are scattered throughout the connective 
tissue by the lymph exudate The reserve food material is 
gradually used up and the spores enter into fresh connective 
tissue cells to repeat the cycle Tne ripe sporangia are seen 
as white dots covering the surface of the nasal polypus 
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Dimensions — ^Ripe sporangia 250-300 ya in diameter , spores 
7-lOp. m diameter 

Eemarls — ^Tlie organism has been found in poijrpoid growths 
m nose, naso-pharynx, uvula, conjunctiva, lacrymal sac, 
ear, and perns of man 

Tirumurti (1914) recorded fifteen cases from man, affecting 
various parts of the body, in the Madras Presidency 



Fig 182 — Rhtnospondium secben CWemicke) A, section of stage 
with about 500 nuclei, showing the outer chitinous and 
inner cellulose layer of the envelope end the position 
of the future pore , B, section of the stage m which the 
contents of the sporangium have divnded into about 
4,000 nucleated cells , C, discharge of mature spores , 
D, section of spore showing nucleus with karvosome, 
and vacuolated cytoplasm (After Ashworth ) 

2b2 
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Researches of Ashworth (1923) apparently prove that the 
organism belongs to the fun^, and ought to be classed among 
the PJiycomycetes ® 

Habitat — ^Polypi m the nose of man Benoal, Calcutta 
Madras, Madras , Ceylon 

305 Rhinosporidium sp 

t Not identified, Vasudovan, 1932, pp 299-302, pi vm 

Young trophozoite a sphencal enoapsuled body, infch 
a distmct nucleus and nucleolus The capsule m hyaline 
doubly-contoured, and 1 6/a m thickness The cytoplasm is 
vacuolated and in some trophozoites contams tbip protoplasmic 
granules Kucleus central, occasionally penpherai and mar 
gmal, 4 8/t in diameter, with nucleolus 1 6/i m diameter In 
later stages the organism is larger and protoplasmic strands and 
granules are pronounced One of them was somewhat pear- 
shaped, probably due to an obhque section 
Himemiona — ^The organism measured 40 /t by 23 /t 
Remarhs — The organism somewhat resembles the earher 
stages ofRhi7U}spondiumxn.Bh.Q,^e, hyalme capsule, protoplasmic 
strands, and granules, but differs from Shtnoapondium seeberi 
m that the earhest stage is much larger The later stages, with 
spore-bearmg sporangia, were not found The infection iras 
in the skm and not in a mucous membrane 
Habitat — ^Inside walls of abscess cavities, and sometimes 
in the clironic inflammatory fibrous tissue m man Ceylon 

306 Rhinosporidium equi Zsohokko 

Shinaspoi idium e^i, ZschokIvO, I9IS, pp 641-50, Hartmann, 
1921, p 1387 , Wonyon, 1926, p 778 
•flthinospondiuin sp , Rao, 1938, pp 2G3-4 
} Rhinosporidium equi, Sahai, 1938, p 264 

Probably identical with R seeberi from man 
Remarhs — ^According to Sahai (1938) the first case m an 
equme was recorded by Krishnamurti Ayyar m Madras in 
1932 Sahai has recorded another case m a country-bred 
mare m Orissa The animal had noisy breathmg and a blood- 
stamed mucous discharge oozmg from one of the nostrils 
There Avas a small caubflower-Iike growth about one mch 
long by, half an mch thick situated in the anterior part of 
the nasal chamber, shghtly obstructmg the passage In 
the connective tissue were found numerous cysts or sporangia 
in various stages of development, the fully mature ones burstmg 
to discharge the spores Wenyon (1926) doubted if the 
equine form is distmct from the human form, and Sahai (1938) 
supports his view 

Habitat — ^Nasal cavities of Hqims cabaUtts Lmn Madeas, 
Madras , Orissa, Bargarh (Sambalpur) 
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307 RhJnosporidlum sp 

fUhtnospondtum sp , Rao, 1938, p 203 

Probably identical ■with It seeberi from man 
BemarLs — Accordmg to Rao (1938), Rhmospondioais •was 
recorded a few years ago affectmg two bullocks, one cow, 
and one pony in Madras, and has smce been diagnosed m 
eighteen bullocks and one pony in the same provmce Rhmo- 
spondiosis in bo'vrmes appears so far to have been reported 
from the Madras Presidency only The lesions are found 
m the nose, and the presence of a trauma in the nose appears 
to be necessary for the development of the lesions 

Rao thinks that the causal orgamsm may be the same 
as m man, and suggests that the infection to man and animals 
may be through the dust raised while ploughmg fields manured 
■with bo^vine dung, as a large n'umber of cases are met ■with in 
man and cattle engaged m agriculture 

Habtiat — ^Nasal ca^nties of Bos tndtcus T,-inri Madras 
Presidency 
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Parasite Host Seat 

Fam Plasmodiida; (pp 24-6) 

Proteonoma centrojn Centropus ainensxa par- Blood 

rott 

Proteosmna heroni Pond heron Blood 

PrOUosoma passent^ Pasaertta myctenzans Blood 

Laveranta malartse Anopheles varuna Body 

Plasmodium malanss Anopheles varuna Body. 

Plasmodium mvax Anopheles varuna . Body 

Fam Theileritda: (p 25) 

Theilena htrci Ovis sp Blood 

Thetlena sp Bos tndtcus Blood 

Fam Babesiid^ (p 25) 

Babesia hovis Boa tndtcus Blood 

Babesia taylon Capra htrcus Blood 

Incert^ sedis (p 26) 

Anaplaama mar g male Bos tndictts . . Blood 

BertareUia calotis Calotcs versicolor major Blood 

Bertarellia sp Ltsaemys punctata Blood 


granosa 

C^'rDOSl•ORIDIA 
Myxospobidia 
Fam CEHATOBTYXCDiE (p 26) 

Ceratomyxa hilsse Htlsa thsha Gall-bladder 

Fam MYxmiiD^ (p 26) 

Myxidium glossogobit Glosaogobtus gtutts Gall-bladder 

Fam Myxoboud^ (p 26) 

Myxobolus calbasui Labeo calbasu Gall-bladder 

Labeo rohtta Gall-bladder 

Myxobolus mrtgalse Ctrrhtna mngala Scales 

BD^flosporedia 
Ikcert^ sedis (p 27) 

Ehinospondtum equi Equus caballus Nasal caxnties 

BhinospOrtdium sp Bos tndtcus Nasal cavitieS 


(u) Supplementary Lnst of Hosts and thexr Parasties 


Host 

Mahmalia (pp 27-9) 
Axis axis 
Bos bubalus 

Bos tndxcus 


Bosephalus tragocamelus 
Capra hircus 

Equus cabalus 
OviB sp 


Parasite 

Eimena tcasstlewskyi 
Eimeria smtijit 
Eimerta sumii 
Eimena cylindrica 
Eimerta smithi 
Eimerta zumn 
Thelena sp 
Babesia bovta 
Anaplaama marginale 
Bhxnosporidium sp 
Eimena yahomovt 
Eimena arloingi 
Babesia taylon 
Bhinospondium eqm 
Theilena htrci 


Seat 

Alimentary canal 
Alimentary canal 
Alimentary canal 
Alimentary canal 
Alimentary canal 
Alimentary canal 
Blood 
Blood 
Blood 

Nasal cavities 
Blood 

Alimentarj canal 
Blood 

Nasal cavities 
Blood 
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Host Parasite Seat 

Aves (pp 29-^1) 

Ard^ola grayit Leucdcytczooti ardeoltc Blood 

JBuiastur teesa Toxoplasma butastuni Leucocytes 

Gcntropu’t smcnsts parroti Proteosoma centropi Blood 
Chlotopeis jcrdom Lcucocytozoon eytnqucsi Blood 

Cohtmba livm . Etmcrta labbcana Intestine 

Halcyon sniymmists fmca Hecmoprotens (71 hal Blood 

cyonxi fuscw 

Lanttu sckacli crythronotus Hwnioprotcus (?) lamt Blood 

Molpastcs cafer cafei Leucocylozoon molvai Blood 

Us 

Onolus onolus lundoo Leucocylozoon (?) sp Blood 

OnoluB xanthomus xan- Leucocylozoon (?) bj) Blood 

thomus 

Pond heron Proteosoma hcroni Blood 

Tfiereiceryx vtrtdts Hfcmoprolctts (?) Uieret Blood 

cerycis 

REPTJXtA (pp 32-3) 

Cdloles versicolor major Sertarelha calotis Blood 

Ltssemya punctata granosa Bertarelha ep Blood 

Nalrtx piscator Eimerta gupU Rectum 

Passenta mycterizans Protesoma passerttfo Blood 

Pisces (p 34) 

Cirrhina mngala Myxoholus mriqalrc Scales 

Olossogobtus giuns Myxtdium glossogobn Gallbladder 

Hilsa iltsha Ceratomyxa htlscc Gall bladder 

Labco calbasu Myxobolus calhasui Gall bladder 

Labeo rolnta Myxobolus calbasm Gall bladder 

Otohthus macidatus Henneguya otohthus Bulbus artenosus 

Insect jn. (p 35) 

Anopheles varuna Laverania malarut Body 

Plasmodium malantc Body 
Plasmodium vivax Body 

Ghjetofoda 
POEYCIEETA (p 30) 

Amphtnome fostrala Selenidium amplnnomi Coplomic ca\ ity 

Eunice eicihensts Stomalophora primitiva Intestine 


Letitdina evnicre Ihtestme 

Vhmna eumav Intestine 

jDculeromcra cleaia Intestine 

ContortiocarjKi pro- Intestme 

shadi 

Lysidice collarts Lecudina lysidicse Intestine 
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Genus STOMATOPHORA l)rzewecki, 1907, emend 
Hesse, 1909, and Bhatia, 1924 

(Pages 68-72 ) 

308 Stomatophora primitiva Bhatia & Setna (Pig 183 ) 

fStomatophora sp , Bhatia Setna, 1935, p 312 
\ Stomatophora prtmtttva, Bhatia & Setna, 1938 (in press) 

Trophozoite almost spherical, uuth a cup-hke sucker near 
the anterior end The sucker is not provided with a central 



Fig 183 — Stomatophora primitiva Bh & Set 
(After Bhatia and Setna ) 

mucron iifumerous epicytal striations radiate outwards 
over the body for some distance round the sucker Nucleus 
rounded, with a large spherical karyosome Gametocysts 
shghtly eUipsoidal 

Dimenstom — ^Length of trophozoite 222 p., ■vtadth 203 5p, 
nucleus 44 4 /x by 37 p. gametocyst measures 222 p by 203 5p 
Semarks — All the previously known species of the genus 
Stomatophora and of other genera included in the family 
Stomatophonda* are parasites of earthworms belongmg to 
the genus Pherelima The present species is the first record 
from a polyehajte It recalls m its structure S simplex Bhatia, 
1924, from which it differs in the absence of a central mucron 
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in the sucker Seen under the oil-immersion lens the sucker 
IS seen to be surrounded by a clear area, and the surroundmg 
epicytal striations appear to run into each other and interlace 
The sucker nas seen to be retained in the case of one of the 
gametocytes in a gametocyst 

Habitat — ^Intestine of Eunice sicihensis Grube ANDAsrAK 
Islands, Port Blair 


Genus LECUDUfA Mmgazzim, 1891 
(Pages 83~5 ) 

Key to Indian Species 


1 (3) Cytoplasm of tho antenor portion of tho 

body diBerentiatcd 

2 Tropbozoito cylmdrical , epimente 

variable m form, viith an anchor plate 
at tho end 

3 (1) Csdoplasm of the anterior portion of the 

body not diflerentmted 

4(5) Trophozoite elongate oval, epimorito 
knoh-hko 

5 (4) Trophozoite ov al , optmento a long 
conical trunk 


[Ai>Br, p 83 
L bra9xh Ganap A 

4 

Ip 378 

L eumciB Bh A Set , 
[p 379 

L li/sidtcseBli &Set, 


809 Lecadina eunicae Bhatia & Setna (Eig 184 ) 
fZtcudtTia eumcie, Bhatia A Setna, 1938 {tnprMa} 

Trophozoite elongate oval, -widest in the middle, narrowmg 
at both ends, bluntly pomted anteriorly, and more sharply 



Pig 184 * — hecudjna eumtue Bh A Sot ^ 

(After Bhatia and Setna ) ' 

pomted posteriorly Epimente formmg a knob-hke structure, 
"With its cytoplasm differentiated from that of the rest of the 
body Nucleus large, subsphencal, with a smgle karyosome 
Dimensions - — ^Length of the trophozoite 476^, maximim 
"Width 94:'5/ji,, epimente 14 /x m length, nucleus 38 5/x by 

28 ft 

Remarl^ — ^The parasite somewhat resembles L dongala 
(Mmgazzim) m the differentiation of its antenor end, wmen 
is desenbed by Mmgazzmi as a small sphencal button, but 
according to Eeichenow (1932) an epimente is absent, and t e 
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parasite attaches itself to the epithehal cells of the host 
by its differentiated anterior portion in a sucker-like manner 
L euntcss differs from L eloTigala m the form of the tropho- 
zoite and the structure of its nucleus 
Habitat — ^Intestme of Eunice aicihensis Grube Andabian 
IsiANDS, Port Blair 

310 Lecudina lysidicae Bhatia & Setna (Fig 185 ) 

^[Lecudma lyaidtcse, Bhatia & Sotna, 1938 {tn press) 

Trophozoites oval, broadly rounded anteriorly and narrov er 
and pounded off posteriorly, broadest m the anterior third 
of its body Cytoplasm does not show any differentiation 
m the anterior portion of the body Epimente m the form 
of a long comcal trunk N^ucleus spherical, oval or irregularly 
quadrilateral, mth a large central karyosome Sporonts much 
larger m size, vithout an epimente, but showmg a tnangular 
area shghtly raised from the antenor end of the body 



Big 185 — Lecudina lysidicss Bh & Set 
(After Bhatia and Setna ) 

Dimensions — Cephalonts with a total length of 71 9- 
185/1, maximum indth 14 8-62 9/i, length of epimente 11 1— 
37 /i, and nucleus 14 8 /i by lO/i Sporonts may reach a length 
of 370/1, with a maximum' \ndth of 155 4 /i 

Remarks — The parasite invites companson with L aphrodite 
(Lank ), but differs m its much smaller size, m the nuclear 
structure, and also m the epimente not bemg marked with 
successive constnctions The nucleus vanes considerably 
in form and position It may be spherical, oval or irregularly 
quadrilateral m form, and may be situated m the antenor 
middle or postenor part of the body, but it always presents 
the same structure The central karyosome is surrounded 
hy a clear area, and chromatm particles are arranged m 
a penpheral zone withm the nuclear membrane The sporonts 
frequently and the cephalonts occasionally are seen to be 
full of elongated spmdle-shaped bodies, each containing 
a defimte central nucleus , these are probably alg®, and 
measure up to 74/i by 3 7/i 

Habitat — ^Intestme of I/ysidtce cdilaris Grube Andabiabt 
Islands, Port Blair 
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Family GREGARENIDiE Labb6, 1899. 
(Pages 96-107 ) 


Genus ULIVINA Mmgazzmi, 1891 

Dohoci/stis (part), Crawloy, 1903, p 50 
Uhvina, Samt Josoph, 1907, pp 164, 174 
Dohocj/stts (part), Ellis, 1913, p 287 

Ulmna Kamm 1922 pp 28-9 , Koiehonoir, 1929, p 893, 1932, 

pp ija-o , l9iJ5, p 369 


Young trophozoites with simple papillate epimente 
Sporonts free, Avithout epimente Not formmg syzycries 
Sporocysts not loioum 

gonus was based on U cZZip/ica Mmgazzmi, 
1891, and among the characters mentioned were “external 
membrane forms a continuous sac round the ammal ” and 
protomente the more dense ” Neither of these chaiacters 
IS noi\ insisted upon Porter (1899) described an unnamed 
septate Greganne from lihyncJiobohtSy but CJrawley (1903), 
thmlung that the part of the animal which Porter took to 
im protomente plus epimente was only the epimente, and that 
the Greganne was a dicystid form, named it as Dohocystis 
Thyncoboh Kamm (1922) referred it to Uhvtna as a second 
species in that genus Beichenow (1932, 1935) has given 
an amended defimtion of the genus and considers Sycia 
tnopmata L4ger, 1892, as idential with Uhvina elhptica 
Mingazzini The generic character that the epimente is sur- 
rounded at its base by a nng-hke thickening is based on Ldger’s 
description of S ino 2 )vnata This feature is not possessed 
by U cllipiica, V rhynchoboh or by the species described 
belou I therefore regaid Ulivina as distinct from Sycia 


311 Ulivina eumcae Bhntia & Sotna (Fig 186) 

■\Ulwina sp , Bhatm A, Sotna, 1935, p 312 
^Uhvwa cunxctt;, Bhatm & Sotna, 1938 (\n pros'd) 

Trophozoites elliptical, with the protomente draim out hke 
a neck and curved backwards Epimente slender, wider 
at its base and tapering into a fine needle The deutomente 
full of inclusions Length of protomente to total length as 
1 4 3, \ndth of protomente to Andth of deutomente as 1 63 
Nucleus oval and situated in the anterior nariouer part of 
the deutomente Sporocysts not known 
Dimensions — Cephalont 340 4/x in length , epimente 14 8/t 
in length , protomente 77 7 /i in length and 11 1 ft in maximum 
width , deutomente 247 9 ft m length and 70 3ft in maximum 
Avidth 
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Rermrls — The parasite resembles closely U rhynchoboh 
(Crawley), but the cytoplasm in the protomente is not more 
dense than m the deutomente, and the nucleus is oval and 
not spherical as in that species Also there is no external 
membrane contmuous around the ammal 
HcAiiat — ^Intestine of Eunice sicthensts Grube Andaman 

Islands, Port Blair 



Fig 186 — Uhvtna euniac Bb As’Set 
(After Bhatia and Setna ) 

Genua DEUTEROMERA Bhatia & Setna, 1938 
Deuteromera, Bhatia & Setna, 1938 (in press) 

Sporonts sohtary Epimente subconical, apex cup-shaped 
Protomente and deutomente showmg mcomplete secondary 
segmentation 

312 Deuteromera cleava Bhatia & Setna (Fig 187) 

tSeptate Gregarme, Bhatia & Setna, 1935, p 312 
'\DeiUeromera cleava, Bhatia & Setna, 1938 (in press) 

Body elongate oval, distmctly septate Epimente simple. 
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elongated and snbeomcal, with its apex somewhat cup shaped, 
marked ivith distinct epicytal stnations Protomente not 
more densely granular than the deutomente, broadest at its 
base, width usually greater than its length, showing a somewhat 
obliquely running furroiv Protomerite, together with the 
epimerite, bent at an angle on the deutomente Deutoment 
widest anterior^, and narrower and rounded posteriorly 
its maximum width may be somewhat greater than the length , 
marked by tw'o incomplete septa runmng inwards from one 
side Length of the protomerite to total length as 1 3 8, 
width of the protomerite to ividth of the deutomente as 
1 13 Nucleus large, oval, situated near the posterior end 
contaimng a single large, sphencal, eccentrically placed karyo- 
some, surrounded by a narrow clear area and densely packed 



Pjg jgy — Beuteromera dmia Bli & Sot 
(After Bhatia and Setna ) 


chromatm granules Sporont solitary, 
narroAver and much more elongated than the cep > 
may be bent upon itself, and the deutomente m j 
incomplete septa Nucleus in the sporont 
spherical, but is similar in structure to that in th p < 

Cyst and spore-formation not knoivn Untrfh ' 

Dimensions — Cephalont up to 402 5^ in width' 

epimente 105 ft in length and 77^ m „ width' 

protomerite 105 fi in length maxi width' 

deutomente 192 5fi in length and 203 /x. “ jengtli 

nucleus 52 5/x by 45 5/x Sporont up to 420 /^ n totol lengtn 

and 105 fc in maximum wudth, nucleus 42 /x m mcom 

JSemarii-Tbe farrow on the Pjotomente and ^ 
plete septa and a furrow in the deutomente str g y 
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the more complete segmentation of the posterior part of the 
deutomerite in Metamera schitbergi Duke, 1910, lmo\vn from 
the mtestme of certam leeches, and the segmentation of both 
protomente and deutomerite in Tasnxocystis Idgeri Cognetti, 
1911, jfrom the coelom of an oligochaete, but there are various 
important differences 

Hahiiat — Intestine of Eumce stcdiensis Grube Andaman 
'Islands, Port Blair 


Genas COrtiORTlOCORPA Bhatia & Setna, 1935 

Contortiocorpa, Bhatia & Setna, 1935, p 312 , 1938 {in press) 
Sporont sohtarj’^ Body spirally twisted upon itself 

313 Contortiocorpa prashadi Bhatia & Setna (Fig 188 ) 
'\Coniortwcorpa prashadt, 1Q35, -p 312, 1938 (tn jjrasa) 

Sporont sohtary Body elongate oval, broadest at about 
one third the length of the body from the anterior end, rapidly 



Fig 188 — Contorfwcorpa prashadi Bh <L Set 
(After Bhatia and Setna ) 

iiarrowmg behmd the middle, and posteriorly dra^vn out mto 
a narrow rounded tip It is generally twisted upon itself, 
presentmg a number of turns of a spiral and a number of 
margmal projections where the spiral is turnmg round to run 
over the other surface Nucleus oval or spherical, with 
a smgle karyosome, generaUj’^ situated in the anterior half of 
the body Some individuals are also found m an untunsted 
or only partially tunsted condition 
DimcnstoTis — ^Length of the body in a tivisted mdividual 
318 5 /x, maximum "width 87 5/i, diameter of the nucleus 37 5 p 
A partially tmsted individual measured 398 4/i, with a maxi- 
mum width of 170 2 p, 

SemarLs — ^In addition to the typical twisted mdividual 
there are m the preparations a number of partially t^nsted or 
untwisted mdividuals which are believed to be of the same 
species One such mdividual show s an mdication of a narrow 
protomente and a retracted bluntly comcal epimente Typical 
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cephalonts have not been met with, nor have we come across 
any cysts or spores which may be deGmtely assigned to this 
species 

Habitat — Intestme of Eunice stciltensi^ Grube ANDAitAH 
Islands, Port Blair 


Family SELENIDIID^ Brasil, 1907. 

The family includes a smgle genus 


Genus SELBNIDIUM Giard, 1884, emend 
Brasil, 1907, and Ray, 1930 


Selenidtum, Giard, 1884, p 192 
Polyrhahdtna , Labbc, 1899, p 48 

Selemdium, CauHcry A Me?nil, 1899, pp 80-99 , Minchin, 1903, 
p 204 , Brasil, 1907, pp 370-97 , Brasil <L Fantham, 1907, 
p 618, Wenyon, 1926, pp 1127, 1136-8, Roiehonow, 1920, 
pp 876-7 , Ray, 1930, pp 370-98 , Rejchonow, 1932, pp 22-5 , 
1935, p 306 


Trophozoites elongate, vermiform, very narrow and cylindri- 
cal or ^ider and more or less flattened, with longitudmal 
myonemes along the entire length of the body The anterior 
end of the body is provided with a email hnob like organ of 
fixation, and usually contains characteristic chromatic 
bodies Schizogony, where known, takes place during the 
intracellular condition of the parasite Gametocyst, where 
known, contains many oocysts, each containing either four 


or eight sporozoites 

i?emar/.s —Bay (1930) has re-studied several unperfectiy 
Imown species of this genus and described several new ones 
He has shown that intracellular schizogony does not nonnally 
occur in the majonty of species studied by him, and iB,m fact, 
known to occur m two species only He lays stress on the 
occurrence, m aU the species exammed and at all stages ot 
their development, of charactenstic chromatic homes at the 
antenor end of the animal These are usually thread-lAe, 
sometimes club-shaped, but always of a defimte type and len^h 
in anv particular species, and usually fairly constant in 
Very little is known about sporogony m the species of this 
genus In tw'o species gametocj^s were seen 
Ind Mesrul in association in the gut, and 
attachment was by their antenor ends Bay found 
the B^ies exammed by him the associates become attached 
bv tS postemr ends Spores had been previously seen m 
one SDecies only, and were known to contam four sporozoites 
Eav found gametocysts and spores m two species, and the 
oontLd four sporozoiteB m one epeo.es and o«M 
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in the other In \new of the above-mentioned considerations, 
he came to the conclusion that the genus requires drastic 
revision, and-ivill probably have to be dismembered He also 
supports the view, previous^ held by Mesml (1899) and 
Kedm (1923) , that the Schizogkegamnaria are a heterogeneous 
and artificial group, and that certam genera now placed therein 
wull some day be transferred to the Extgbegarinabia 

314 Selemdium amphinomi Bhatia & Setna (Fig 189 ) 

fNematocystis sp Bhntia & Sotna, 1935, p 312 
"fSelentdium amphmoiiu, Bhatia A Sotna, 193S {tn press) 

Trophozoites elongate, vermiform, wider anteriorly, and 
narrower and tapering posteriorly Anterior end provided 



Fig 189 — Selenidtumamphtnomi'Bh & Set 
(After Bhatia and Setna ) 

With a comcal knob-hke projection which usually does not 
show the chromatic bodies The body is more or less circular 
m transverse section and the surface is marked bj' about 
sixteen longitudmal striations Nucleus spherical or sub 
spherical, situated in the broader anterior part of the bod 3 % 
with a large central karyosome Largerindividuals, apparently 
gametocytes, show a somewhat flattened body^, with the 
anterior end drawn in but still differmg in its appearance 
from the rest of the body, and the posterior end is wider than 
m the younger trophozoites and narrows gradually to a 
SPOE 2 o 
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point The myoneme stnations are more numerous and ma> 
be about twenty m number The nucleus m these specimens 
IS subsphencal or oval, and is placed with its long axis along 
the length of the bodj’’ Association of the mdividuals is by 
their anterior ends Gametoeysts are subsphencal or oval 
Spore-formation v as not observed 
Dunensiorus — ^Trophozoites 126 8-253 6/1 m length, with 
a maximum width rangmg from 10 to 25 3/t , epimente 4 7- 
9 5/nn length and about the same in its -width Gametoeysts 
are 47 1-81 6/i m length by 45 5-62 S/i m -width 
Remarks — Bhatia and Setna (1938) have not found any 
e-vndence of schizogony in this species, but their observations 
are based on the examination of smears only The chromatic 
threads or bodies, on the occurrence of -vi hich during all stages 
Ila3’ (1930) lays so much stress, were not found m raanj 
specimens One specimen, however, show^ed a single deeply- 
stained thread and two other specimens show^ed a varymg 
number of chromatic dot hke bodies The association of the 
mdividuals was foimd to be by their anterior ends, as was 
described bj"- Caudery and Mesnil (1899) m Selenidium echt- 
natam CauUery & Mesml, and contrary to what Ray (1930) 
found in other species A few gametoeysts were encountered, 
but none contamed ripe oocysts 

Habitat — Coelomic ca-vity of Amphinome rostraia (Pallas) 
taken off Port Blair, Ab-damait Islands 


Family EMERIIDi® L6ger. 


Genus EIMERIA Aime Schneider, 1876 
(Pages 173-97 ) 

[106 Eimeria gupti, nom nov 

^Eimcna cylindnca, Ray Das Gupta, 1936 a, p 345 

A new species was recorded by Ray and Das-Gupta ffom 
Natnx piscator and named E cyhndnca (see p 179) As the 
name is pre-occupied for E cylindnca Wilson from cattle, 
the species found by Ray and Bas-Gupta is re-named 
E gupii ] 


315 Eimeria arloingi (Marotel) 


Coccidmm arlomgi, JilaTOtel, li)Q5, T? 

Stmeria arlomgi, Martin, 1907, p 6 , Stevenson, 1911, PP 

pis XIX. vx, Speigl, 1919 p 451, Velu, PP ’ 

Lerche, 1921, pp 380-99, pi xvm , Sohem, 1921, pp 380-- 
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Etmcna fattTct, NoUer, Schurjohann, & Vorbrodt, 1922, 15 pp , 
7 figs , Wenyon, 1926, pp 843-4 , Knowles, 1928, p 364 , 
Reichenow, 1929, pp 945^ 

Etmtna arlomgi, Reichenow, 1935, p 374 
\Etmeria arloingi, Taylor, 1938, p 42 

Oocysts measure 21-33 by 16 5-22 5{z 

Remarks — ^Noller, Schurjohann, and Vorbrodt (1922), as 
a result of cross-infection experiments with the Coccidia of 
goats and sheep, established the identity of E arlomgi of 
goats wath E faurei of sheep, and smce then the two have been 
regarded as identical Taylor (1938) has recently reported 
that two strains of Eimena, viz , E arlonigi and E faurei, 
have been isolated j&om local goats at Muktesar, and experiments 
are bemg conducted to test the pathogenesis of these two 
species m goats and sheep A stram of these parasites is 
claimed to have been estabhshed by feeding spondated 
oocysts to goats and sheep 

E arloingi is considered as highly pathogemc and was 
recently found in an outbreak among goats and sheep at 
l)tah breedmg farm 

Habitat — ^Fseces of goats and sheep United Pbovinces, 
Muktesar, Etah 

316 Eimena cylmdrica Wilson 

Etmcna cylindrtca, Wilson, 1931, pp 1—44, 7 pis 
"lEim^na cylmdrica, Taj lor, 1938, p 42 

Oocysts approximately cyhndrical, with uniformly thick 
walls, 19 4—26 8/1 m length by 11 9-14 9/n m vadth, average 
23 3p. by 13 3^ Ratio of length to width 1 65 

Habitat — Fjeces of hiU bulls United Provinces, 
Muktesar 

317 Eimena labbeana Pmto 

Etmcna pfetffen, Labb4, 1896, p 539 , 1899, p 59 , Nieschulz, 
1921, pp 71-82, pi i\ , 1925, pp 479-94, pis x\ii--cx, Wenyon, 
1926, pp 857-8 , Noller, 1928, p 195 
Etmcna labbeana, Pinto, 1928, pp 1564r-5 
Etmcna pfeiffert, B.eichenov,, 1929, p 948 
■^Etmcna labbeana, Taylor, 1938, p 42 

Oocysts spherical, without a micropyle, and without 
a residual body Sporocysts with one end pomted and the 
other end rounded, with a refractile knob at the pointed end 
The sporocyst contains a large residuum 

Dimensions — Ooej’^sts measure 15-26 /x m length by 14-24 /x 
in breadth Sporocysts measure on an average 12 5 /x, by 
6 5/1 


2c2 
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Ecmarls — ^Niescbulz (1921) afc firab failed to infect chicba 
mth tho Coccidium of the pigeon, but later (1925) succeeded 
in doing so Wonyon (1926) doubts if E pfeiffen (Labbd) 
of tbo pigeon is distinct from B avium (Bivolta & Silvestrmi) 
of the chick Pmto (1928) has proposed a new name, B hh 
heana, for Coccidtum pjeiffcn Labb6 and Einieria pfetffcn 
Labb6 


Genus PHOTEOSOMA Labbd, 1894 
(Pages 247-59 ) 

318 ProtGOSoma passcritm (de Mello & da Fonseca) (Fig 190 ) 
fP/af‘niorftum pa/ srn/er, daMcllo&.tJiiFoascca, 1038, pp 17-8, pi vi 

R,mg-forms imUi the cytoplasm very compact or more or 
less \acuolated, mth small dots of pigment scattered all over 
the body Schizonhs minute, p>Tiform or amoeboid, devoid 



A 


Fje JOO — ProCcomma jxinicrtt'c (do Mollo i. da Fonseca) A, ^8 
forma , C, D, schironta , E, cruciform rosatto (Alter 
do ’Sfollo and da Fonseca ) 


of pigment, which may oven be absent in larger rounthsh 
forms Chromatin divides mto tvo, three or four granules, 
thus determimng tho number of rcsultmg merozoites, wlucn 
may he arranged m a cross like manner Infected red corpuscles 
do not show any alteration 

Dimensions — ^Ring-foims 1-3/r, rosettes 3-4/i 
Ecmarks —Apart from tho fact that the rwgsarepignwnte^ 
the resemblance to Eabesia (Nicolle) is jery 

striking, as is also the case intliP mtnasense (Carmi & Kudoipn; 
from certain lizards 

I/abifai —Blood of the green snake, Easseriia myctenzans 
Baud Portuguese India, Nova Goa 
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Genus ANAPLASMA TheJer, 1910 
(Pages 325-6 ) 

319 Ansplasma marginale Theiler 

“ Marginal points,” Smith & Kilborne, 1893 

A7iap!asma margtnalc, Theiler, 1910, pp 135-7 , Wenyon, 1926, 
pp 1053-6 

■fAnaplaama sp , Ware, 1032, pp 31—2 
ti4nap?aema marginale. Ware, 1938, p 212 

Spherical granule, varjung in size from 0 1 to 0 5/i , stainmg 
bright ted wth Romanowsky’s stam, and situated near the 
margm of the red blood-corpuscle 

Be, narks — Anaplasmata have been encountered in the 
blood of hill bulls at Muktesar and the animals uere regarded 
as “ carriers ” Dias and Aragao (1914) claimed to have 
brought about the production of these bodies m cattle by the 
simple mjection of certam poisonous substances such as tr^^an 
blue Du Toit (1928) expressed the viev that the production 
of true Anaplasmata in cattle by repeated mjection of trj^an 
blue can only be brought about when the cattle are “ carriers,” 
the injections causing a breakdoivn in their immunity, with 
the appearance of parasites in their blood Ware (1932) 
reported the appearance of these parasites in hill bulls after 
a series of trypan blue injections 

Habitat — ^Blood of cattle United Pro^tnoes, Muktesar , 
Central Provinces 

Genus BERTARELLIA Canm, 1930 
(Pages 326-7 ) 

320 Bertarellia cannu de Moyrelles 

Bertarelba cannu, de MejTelles, 1938, pp 49—53, 6gs 1 & 2 

Usually roundish or eUiptical, rarely oval, pjTiform or rmg- 
like bodies stamed violet vnth Leishman’s or May-Grunvald 
Giemsa’s stam Each such chromatic pomt or anaplasmoid 
body is surrounded by a clear halo, often difficult to dis- 
tmgmsh, and roundish or elhptical m form The parasite 
may be central, polar or peripheral in position in the red 
blood-cells, or may even be found fiee m the plasma The 
red cell may contam more than one parasite, and the halo- 
hke portion may contam tuo or even three chromatic granules, 
suggestmg bmary division 

Bemarks — ^The organism differs from JB calohs, as the 
cytoplasm is never stamed blue as m that species It is, 
however, identical with the parasite found m blood-films 
from tvo Brazihan tortoises 

Habitat — ^Blood of the Indian tortoise, Lissemys punctata 
granosa Smith Portdgijese India, Nova Goa 
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marginalo (Ana 
pla'sma), 388 
matthau {Apolocyatifl), 
5Q 

matthaii (Monocystts), 
69 

melloi (Leucocyto 
zoon), 241 
Meno^xindre, 90 
Menzobiencke, 113 
masml) (Hieinogre- 
garina), 127 
meteplaxi (Stemina), 
107 

metchnikovi {Hamo 
ct/sltdtum), 224 
met-chmkovi (Hremo- 
protous), 224 
Merocystis, 158 
MerogregarinidiB, 112 
Microspondja, 329,346 
Mteschena, 363 
minima (AngutUula), 
159 

minima (Hmmogre- 
ganna), 160 
minima (LankestereUa) 
159 

mmuta (Isospora), 163, 
170 

mirabilis (Haimogre- 
garina), 127 
mitraria (Euneria), 
176, 187 

mitrarinm (Cocctdtum), 
187 

molpastis (Leucocyto 
zoon), 242 

monilis (LankestereUa) 
169, 162 

Monocnidea, 348 
Monocystid®, 54, 55 
Mmocystidea, 54 
Monocystis, 55 
MonoductidiB, 109 
Monoducfcus, 109 
morphysaj (BhatieUa), 
85 

morwont (Hmmopro- 
teus), 253 

moruony {Btemopro 
texts, 263 

moruony (Proteo 
soma), 253 

motasi (Babesia), 316 


tnutans (Babesxa), 298 
mutans (Qondena), 
298 

mutona (PtropUtsma), 
298 

mutans (Theilena), 
298 

muris {Bartonella), 323 
muris (Grahamella), 
323 

muris (Hepatozoon), 
153 

muris (Leucocx/tozoon), 
153 

Mrazekudffi, 348 
mrigate (Myxobolus), 
340. 341 

MyTwobobdaj, 336, 340 
Myxobolus, 340 
Myxobolus, 342, 344 
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perforans {Cocctdtum), 
194 
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Peorospermium, 173 
Pterocephalus, 108 
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189 

sardinse (Kimeria), 176, 
189 

Scliaudinclhidae, 55 
sehellacki (Adelina), 
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189 

Bonois (Babesia), 318 
soDois (Ptroplasina), 
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PLATE I 

Fig 122 Ijuverama malanss Grassi & Pcletti (X2000 ) 
A, young “ ring ” form , B, accolo form , C, mul- 
tiple infection ivitli “ rings ” , B, “ icmie ” foim , 
E, fully developed schizont , F, “ rosette ” stage , 
O, male gametocyte , H, female gametocyte 
(Stained vuth Leishman’s stam ) (After Wenyon ) 

123 Plasmodium vivax (Grassi & Feletti) ( x 2000 ) 

A, young rmg-form , B, two rmgs m a corpuscle , 
C, trophozoite with pigment in its cytoplasm, red 
cell enlarged and Avith Schuffner’s dots , D, schizont 
shoving multiphcation of nuclei E, scluzont vith 
many nuclei , F, “ rosette ” stage , G, male 
gametocyte , H, female gametocyte (Stauied 
with Leishman’s stain ) (Alter Wenyon ) 

124 Pla-smodium malaufe (L&’veTun) (x 2000) A,yomig 

rmg-form , B, C, well-developed trophozoites mth 
pigment in the cj-'toplasm , D, schizont showing 
multiphcation of nuclei , E, schizont with several 
nuclei , F, ” rosette ” stage , G, male gametocyte , 
H, female gametocjd}e (Stained vuth Leishman’s 
Stain ) (Alter Wenyon ) 
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PLATE II 

Fig 125 Plasmodmm cynomolgi Mayer A, very early non- 
vacuolated trophozoite and j'oung ring-form , 
jB, larger ring-form , G, D, amoeboid trophozoite 
Bhowmg pigment and enlargement and stippling 
ofthemfectedred cell , E, large, sohd, presegmenting 
form , F, earlj' segmenting form , O, H, advanced 
segmenting forms , I, female gametocyte , J, male 
gametocyte (After Mulligan ) 

126 Plasmodium mut Halberstadter & Prowa/ck A, 

young rmg-form , B, tivo rings in a corpuscle vith 
double cliromatm dots , G, largo irregular nng- 
form with a few pigment granules , D, large, solid 
trophozoite ivith enlarged nuclear vesicle , E, 
presegmentation stage , F, early schizont , O, LT, 
mature schizonts , 7, J, female and male gameto- 
c\ tes (After Sinlon ) 

127 Plasmodium KnowJcsi Smton & Mulligan A, B, 

young Ting forms with one or two chromatin 
masses and an accessory chromatin dot , C, larger 
ring with double chromatin and accessory chroraa- 
tm dot , D, large trophozoites wnth dark and coarse 
pigment , E, F, large, sohd, non-vacuolated, pre- 
segmenting forms stippling seen m blood-jHms 
stained by the '‘panoptie” method, G, H, 
mature schizonts , I, J, female and male gametb- 
cytes (After iMulhgan ) 
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